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PREFACE

The arrangement of this publication follows, as nearly as possible, the
actual conference program. The seven sections represent the seven topics
selected by the planning committee as areas of concentration. In each section
will be found a state-of-the-art paper and related talks and discussion, thus
permitting the sections to be read independently. There is a slightly differ-
ent format for Section I because the paper by Don R. Swanson was not dis-
tributed in advance but was delivered as the keynote address. Detailed tables
of contents for each section are brought together at the front of the book, as
a substitute, albeit inadequate, for an index.

The temptation to rewrite history has been scrupulously avoided: the
conference sessions were tape recorded and are reported here with as much
fidelity as possible. Space did not permit publication of the entire transcript
of these sessions. Even so many who read these proceedings mnay feel that we
have erred on the side of inclusiveness. OQur criteria for incluston of discus-
sion was that it (1) relate directly to the paper being discussed, (2) give the
reader additional insight into the subject under consideration, and (3) illus-
trate attitudes and uncertainties at this stage in the history of library mechani-
zation. There were many personal sidelights at these meetings, allusions to
which have generally been omitted because enjoyment of them depended
largely on the immediacy of the situation. Occasionally we have included
comments which cannot be defended on the basis of the criteria listed above,
simply because these remarks retained, even in print, some of the flavor of the
spirited and informal discussion which took place at Airlie.

It has been our aim to make this publication useful for subsequent refer-
ence. Therefore, all the bibliographies have been revised and presented in a
uniform format and additional notes, headings, and comments have been pro-
vided to aid the reader. Notwithstanding the great desire on the part of
both the sponsors and the participants to see tangible evidence of their accom-
plishments, conference proceedings demand the same editorial care as other
publications. 1In fact, publication of such proceedings caimot be defended if
they are to serve as expensive souvenirs for the participants, but only if they
will be a worthwhile addition to the literature. We hope that these proceed-
ings will be so regarded and that they faithfully reflect the intelligence,
enthusiasm, and vigor which characterized the conference sessions.

Bareara E. MArxUsoN,
Library of Congress.
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INTRODUCTION

It is with some misgivings that librarians burden
the world with the proceedings of yet another
vonference. In defense of this addition to the
information explosion, we hope that the work re-
ported here may help us toward the eventual solu-
tion of crucial problems in information handling.

A glance at almost any recent library journal
will give evidence that librarians have already
begun to look to mechanization as a solution to
many of these problems. However, for some time
there has been increasing concern in two of the
major agencies supporting library research—the
National Science Foundation and the Council on
Library Resources, Inc.—about the number and
quality of proposals which they receive. It is
often obvious that those who designed these proj-
ects have not done their homework and are not
only unfamiliar with the technical state of the art
but with current library research. This over-
lapping and duplication of effort made it clear
that something should be done to provide librar-
ians with at least a broad acquaintance with the
technology relating to library mechanization.
This conference was conceived as a partial answer
to this problem.

Librarians believe that this situation is not the
concern of grant-making agencies only. Because
we work in institutions which, by and large, do not
make research and development funds available to
the library, it behooves us, as members of a pro-
fession, to see that these scarce funds are spent
wisely and that when projects do receive support,
the redults, whether positive or negative, con-
tribute|toward understanding and solving library
problems.

On I:Tovember 20, 1962, a group drawn from
l'eseurc]]1 libraries, foundations, and industiy met
at the Library of Congress to consider ways to
bring ﬂ\bout an improvement in this situation.

There was a general reluctance to foster another
conference on automation and general agreement
that it might not be a suitable vehicle for accom-
plishing the desired objectives. For one thing, it
would reach a limited audience. For another, it
would be a one-time effort and its effect might not
continue over a significant period of time. In spite
of these caveats it was finally agreed that a work-
ing conference might provide the stimulus for
librarians and technicians to destroy some of the
stereotypes each group has of the other, to discover
mutual problems, and to develop a common under-
standing of the goals of library mechanization and
the ways in which each group could help in achiev-
ing these goals. The planning committee felt that
by establishing this initial rapport, the conference
might lead to other, more permanent, endeavors
which would continue the work begun on the
conference floor.

In order to minimize the well-known pitfalls of
conference programming, the committee urged ac-
ceptance of the following ground rules:

1. Limitation of attendance to 100 people who
were planning, or who had under way,
mechanization projects.

2. Representation to follow a ratio of about
two librarians to each technician,

3. Advance distribution of papers so confer-
ence sessions could be spent in active dis-
cussion.

4. Selection of library-oriented discussion
leaders who could summarize the technical
papers and relate them to library situations.

(%24

. Concentration of the program on the major
topics affecting library mechanization.

6. Publication of proceedings for the benefit
of nonparticipants.

11
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2 LIBRARIES AND AUTOMATION

After working out a preliminary slate of topics,
the committee suggested a panel of authors and
discussion leaders and proposed that the Library
of Congress assume responsibility for the admin-
istration of the vonference and the editing of the
proceedings. This publication gives evidence that
the actual program adhered closely to the sug-
gested format.

The sponsors did not expect that a meeting of
this kind would result in a plan of action, a resolu-
tion, or even specific proposals. They did feel,
however, that o list of recommendations based on
an analysis of the conference discussion might
prove helpful. Accordingly, they invited a small
group to meet informally after the last session to
consider such recommendations. Although a
formal report did not result from this meeting, the
following conclusions were reached :

1. Grant-making organizations, e.g. the Na-
tional Science Foundation and the Council
on Library Resources, Inc., should elim-
inate project reports and insist on publica-
tion in the open literature.

2. There is a need for a contirfuing, rapid,
and informal reporting on library mechani-
zation projects. This could be done by the
Library of Congress, the Association of
Research Libraries, the American Library
Association, or some other group with an
established publication program. At the
present time there seems to be no need for
establishing a separate organization for
this purpose.

3. A variety of techniques (newsletters,
journal articles, seminars, demonstration
projects, and conferences) should be uti-
lized to acquaint librarians with new de-
velopments in technology and information
science. These media should promote
communication within the library com-
munity and between librarians and other
interested communities. The conference
had demonstrated that librarians and in-
dustry people talk too much to their own
groups and that cross-fertilization might
be mutually advantageous.

4. In order to enlist the support of founda-
tions, librarians must identify specific

| S5

problems for study rather than propose
broad, vague mechanization schemes. The
following list represents some of the tech-
nical areas to which librarians and tech-
nicians might jointly direct their energies:
File organization for storage and search
Conver: techniques and methodology
Compv sgram sharing
Stands v ion of coding, ete.
Man/macuine interface
Utilization of microforms in libraries
Remote communication facflities
Output printing techniques and requirements
In addition, there are many library prob-
lems of a managerial nature which need
further study. The following are, again,
only examples:
Development of manuals of procedures formal-
izing specific operations
Development of better cost data for present
operations
Growth rate projections
User acceptance of new techniques
Copyright regulations affecting reproduction
of materials
Durability of various computer and microform
storage medfa

5. Library schools need to train students in
new techniques and methodologies; cur-
rent programs should be evaluated to de-
termine how they could be improved to
prepare librarians and subject specialists
in new information techniques.

6. Librarians must continue to standardize
practices and to study changes that may be
needed in descriptive cataloging rules, fil-
ing rules, and subject headings in order to
prepare for mechanization.

During the planning stage, someone observed
that a first conference on a subject often seems to
fall short of the goal, but as time passes it becomes
evident that much more was achieved than was im-
mediately apparent, and eventually a first con-
ference becomes the benchmark by which future
meetings are measured. Should history be this
kind to the Conference on Libraries and Automa-
tion, it will be due largely to those who gave their
time and talents to its planning and execution—
the planning committee, the authors of the state-



of-the-art papers, the discussion leaders, and the
arrangements committee. On behalf of the Na-
tional Science Foundation, the Council on Library
Resources, Inc,, and the Library of Congress, I
take this opportunity to acknowledge our indebted-
ness to these people and to Mrs, Barbara Marku-
son for her work in editing the preprints and the
conference proceedings.

Just as important to the success of this confer-
ence were those for whom these plans were laid—

~ the participants, These proceedings reflect the ex-

QI i Toxt Provided by ERIC

tent of their participation and the contributions
which they made to every session. That we were
able to gather such a distinguished group of busy
people together on comparatively short notice is

INTRODUCTION 3

another evidence of the interest and enthusiasin
the participants brought to this conference. '

As you read these papers and the discussion,
it may seem to those of you who have been li-
brarians for many years that we have reached the
end of an era. I counter this view with the fact
that librarians historically have sought to improve
their services by assimilating new technological
advances and methods into library management—
consider, for example, innovations like the book,
the card catalog, the typewriter, the telephone,
and the microfilm camera and reader. The quest
for automation should be regarded as a continua-
tion of our long tradition of change and improve-
ment,.

L. Quincy Mumrorp,
Librarian of Congress,

13
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Welcoming Address

L. QUINCY MUMFORD
Librarian of Congress

It is a pleasure to welcome each of you to this
Conference on Libraries and Automation. The
Library is indebted to the directors of the two
foundations who have made this conference
possible: Verner Clapp, the president of the Coua-
cil on Library Resources, Inc., and Burton Adkin-
son, the head of the Office of Science Information
Service, National Science Foundation. Both of
them are committed deeply to the development of
library and information services. It is our hope
that some of the results of this conference can be
useful to them in their future program formulation
and in making the difficult decisions concerning
areas of research and development that require
encouragement and support.

‘We who are librarians have a range of problems
which may be helped by automation. In my brief
remarks this evening I will not try to detail the
nature of the library profession and its needs. All
librarians will probably agree that we have never
been able to do all we have wanted to do in organiz-
ing our collections and serving them to the users
of our libraries. All librarians see the emergence
of new requirements and the possibilities of new
services which are difficult to satisfy with the tradi-
tional levels of support afforded to libraries. Re-
cent years have increased the hope that automation
will do for libraries what they have been unable
to do for themselves.

In this connection the Library of Congress,
through the support of the Council on Library Re-
sources, Inc., has been pursuing a survey of the
possibilities of automating its information system.
This survey has been conducted under the leader-
ship of Dr. Gilbert King, who has had the assist-
ance of a group of experts in computer technology.
It is hoped that the report of this survey, which

will be published later this year,® will be of some
assistance to other institutions also. We at the
Library of Congress know that we have not been
alone in looking at the possibilities of automation
and the use of computers. An increasing number
of libraries have undertaken specific projects and
activities using this modern technology or are
planning to do so. 4

Our aim in preparing for this conference was to
invite delegates from those research libraries
whoss collections are large and representative of
a diversity of disciplines and those who have
shown an active interest in or concern for infor-
mation on developments relating to library auto-
mation. Persons were also invited who have had
experience in the areas of technology immediately
relevant to library automation.

In preparation for the conference a number of
state-of-the art papers were written and sent to all
of you. These papers may or may not give the
answers that librarians are seeking. I fear that
those of you who ask “What is my first step ¢” or
“How do I begin?” may net find specific guidelincs.
The papers, from our point of view, were intended
to stimulate thinking and to provoke questions. I
hope that you will ask questions of the technol-
ogists, and ask them stubbornly, to get the answers
you feel are needed. ‘

You, who are the technical experts, will be able
to tell us what technology can provide. You will
not find in these papers a detailed analysis of the
library needs and problems for which remedies are
sought through your technology. Therefore, I
hope that you will ask questions of the librarians,

1S8e¢e King., Gilbert W. Automation and the Library of Con-
gress. [A report] submitted by Gilbert W. King [and others]
Washington, Library of Congress [for sale by the Superin-
tendent of Documents, U.S. Govt. Print. Off.] 1963. 88 p.

7
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and ask them stubbornly, about the requirements
of libraries in order to get the answers you feel are
needed.

During the next few days we may have oecasion
to reflect that we, the traditional librarians, may
be facing the end of anera, Perhaps the future of
library service will have to be entrusted to men
wlio can manage large electronic computers and
the mysterious array of machines associated with
automation. I do not really fear this prospect,
nor do I think that it is entirely realistic. There
will be & need to state the intellectual requirements
which machines will mneet, and I am confident that
librarians will develop the insights and abilities to
specify these requirements in a way that can be
understood by the technologist. I amn also con-
vinced that library cooperation, which has acceler-
ated over the past few decades, will be aided by
automation.

The Library of Congress has a proud record in
providing services which are used by libraries

16

throughout the land and in cooperating with
libraries in. bibliographical endeavors that char-
acterize the vitality of our contemporary library
comnunity, We do not profess to be able to offer
answers with respect to automation. Quite the
contrary, we are seeking answers and solutions to
these very problems. We feel that an investment
directed toward fuller understanding of the pos-
sible applications from the present and the fove-
seeable computer technology will be worthwhile.
We also believe that the changes that automation
may bring will involve the cooperative efforts of
the library cominunity of which the Library of
Congress is 2 part and to which it hopes to make
effective contributions. It is in this spirit of co-
operation that I welcome you to this conference.

Now, to begin the work of the conference, I am
pleased to introduce the opening speaker, Don R.
Swanson, a noted scientist who las recently been
appointed dean of the Graduate Library Scliool of
the University of Chicago.
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Design Requirements for a Future Library

DON R. SWANSON
Graduate Library School, University of Chicago

Information Processing and Libraries

Certainly there are few technological subjects
these days that give rise to as many conflicting
opinions and forecasts by experts as does library
automation. The subject has many facets, and I
think that most differences of opinion arise in the
choice of a facet.

One of the most provocative aspects concerns
the ultra microreduction of recorded information.
Presently available commercial techniques permit
one to achieve reduction in area of about 500 to
1, but machines which do this bavely scratch the
surface of what can be done in the laboratory.
A good optical microscope can reduce information
by a factor of 1 million to 1 in area and there exist
experimental recording techniques consistent with
that density. With such reduction ratio, a large
research library of 5 million volumes could be re-
corded in the space of 5 books. If your imagina-
tion is not staggered by this thought, ponder the
fact that electron microscopy in principle permits
gaining another factor of 10,000. As physicist
Richard P. Feynman pointed out in a talk several
years ago at Cal Tech (“There’s Room at the
Bottom”), one might someday exploit the density
of recording information at the molecular level
and achieve reductions in area of 10 billion to 1.
This would permit putting, loosely speaking, a
thousand books on the head of a pin, or all of the
recorded knowledge in the world on one or two
sheets of paper.

Now let us consider a quite different aspect of
automation, the application of computers to in-
formation processing. Microstorage in itself is
not concerned with the machine processing of in-
formation but with the miniaturization of graphic
records for subsequent human consumption. Com-

puting equipment for libraries on the other hand
is concerned not with the miniaturization of in-
formation storage but with processing the data
needed for control over and access to information.
The distinction is an obvious one, but its implica-
tions are important. (This is especially so in
evaluating those systems which combine machine-
readable search codes with miniaturized graphic
storage on a single record.) A rather pessimistic
picture has been painted by some responsible and
competent scientists who point out that, by and
large, computers are less well adapted to library
information processing than they are to almost
anything else, and that high cost puts automation
out of reach for a long time. See, for example,
the paper by J. R. Pierce of Bell Laboratories
given at the John Crerar Library dedication and
reprinted in a brochure entitled Dedication of the
New Building—April 3, 1963 (Chicago, 1963).

With these two extremes of perspective on auto-
mation it is understandable that a rather bewilder-
ing array of questions arise. Are the microrevolu-
tionists visionary or are their critics lacking in
imagination? Are books and libraries here to
stay or will we have one day the world’s knowlege
at our fingertips, immediately and instantly ac-
cessible by a few electronic gadgets? Are librari-
ans justified in taking a step-by-step approach,
mechanizing specific operations within the library,
or should they begin with a complete “system
study”? What equipment, if any, should they
know about before beginning, or is it all too ex-
pensive to justify further attention?

I am not suggesting that these questions are
answerable by either librarians or engineers with-
in the time limits of our conference. We might,
by dint of sufficient effort, succeed in distributing
the confusion more evenly between the two groups.

11
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But to do so we ought at least to begin with some
kind of unifying principle or approach.

This approach should be oriented to the user of
the library, and we must ask not what we can do
in principle but what is needed. For example,
instead of reflecting on how much information we
can store on the head of a pin, we might do better
to ask: How much do we gain by achieving a 10
billion to 1 reduction ratio instead of 500 to 1?
The 500 to 1 reduction ratio has been possible for
many years and it permits recording the entire
contents of a large library in a few hundred square
feet of office space. So, in principle, the capability
to dispense with library buildings and to dissem-
inate library materials more widely has been with
us for a long time but hasn’t yet come about in
practice.

It should thus be obvious that the answer to
whether or not we shall have “pinhead” libraries
within the next few decades does not depend only
on what we can achieve in the laboratories. A
great variety of complex engineering and eco-
nomic problems ate involved but they cannot be
reckoned with until the system itself is designed.
In my opinion, the critical questions with which
we must begin are these: What would we do with
the world’s knowledge even if it were at our finger-
tips? How would we gain access to it and interact
with it? What do we want to do that we can’t do
now?

The Systems Approach

Most of the emphasis to date in library mechani-
zation has been on the application of present tech-
nology to traditional practices within libraries.
There has been a conspicuous failure to under-
stand the distinction between requirements and
design, a distinction fundamental to sound systems
analysis. A system may be defined loosely as a
collection of people and machines organized for
a purpose. The point of beginning for systems
analysis is therefore a clear formulation of pur-
poses or requirements independent of any particu-
lar design for implementation. Tt is necessary to
consider with care what services the library of the
future ought to perform rather than to take for
granted that they should continue to provide the
same basic services only, perhaps, more rapidly
and efficiently. Proper formulation of vequire-
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ments is & most neglected aspect of library systems
analysis and this task falls squarely between the
librarian and the engineer. Librarians, by and
large, cannot be expected to do an adequate job
without a good appreciation of what technology
can reasonably be expected to provide. Too few
engineers tnke the trouble tolook beyond hardware
and book-charging systems in order to understand
the profound conceptual problems of libraries.

My purpose then is to describe requirements in
the light of the possibilities offered by antomation
and without being constrained by the limits of
present technology or by tradition for its own
sake. This discussion then is to be regarded as
the point of beginning for systems design and
analysis and not as a recipe to be taken literally
or in detail.

I am going to outline the rarformance charac-
teristics that we would like to have in an automated
library at some future date. Automation isnot an
end in itself, but to assume that the library is
automated forc~s a more thorough and precise
description than would be the case for a nonauto-
mated system. Any lack of understanding of
either requirements or performance is readily ex-
posed, and those operations for which human judg-
ment is required can be clearly identified. Fur-
thermore, more realistic estimates of workload and
response times can be made than in nonautomated
systems; if for no other reason, computers are not
subject to Parkinson’s Law—a fact of key im-
portance, incidentally, in any enumeration of basic
differences between men and machines.

Let us consider the user of a future library con-
fronted with an input-output console which puts
him into communication with an automated cata-
log and other bibliographic tools of a large library
or system of libraries. I will assume also the
existence of an eflicient and fast book delivery
capability. This system permits a series of rapid
and repeated searches; the console at each stage
displays to the user the results of his inquiry, with
a reaetion time much faster than is found in pres-
ent libraries. Convenience to the user can be
served by proper location of the console—which
may be remote from the library itself. The infor-
mation that can be displayed in a sequence of
questions and respouses can include billiographies,
abstracts, indexes, tables of contents, etc. The
console could include (or have adjacent) a micro-
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forn viewer, so that selected pages of works re-
quested can be exainined first before requesting
full copy.

The system just described now provides a frame-
work for a swnmary of future library require-
ments. These requirements are expressed in terins
of desired performance characteristics from the
point of view of the user; thus they represent pro-
posed goals,

Summary of Eleven Performance Goals

1. User Dialogues,; Programmed Interrogation.
Users of present research libraries are largely
ignorant of bibliographic tools and information
resources, The system described above should
operate in such a way as to assist its users to be-
come increasingly proficient as they gain experi-
ence in use of the systein. Any rational question
addressed to the system should evoke a response
which instructs the requester as to the type of
question he should ask next and which presents
him with a set of choices from which he makes a
selection. This operation can be described as
“programmed interrogation.” Successive ques-
tions should, by means of such a dialogue, bring
the requester increasingly nearer to fulfilling his
information requirement even though he might
begin with partial information that would be in-
adequate in a conventional system.

2. Aids to Browsing. The shelf organization
of books is considered important for browsing
purposes in many present libraries, though the
notion of browsing itself seems to be altogether
vague. Kveryone agrees that it exists, but few are
able to say what it is, I think it strongly re-
sembles shopping in a superinarket. Without be-
ing sure of what it is that we want, the display of
wares helps us formulate our requirements and
make a selection. Browsing takes place at “walk-
ing” speeds and not necessarily at the speeds at
which we would like to be presented with informa-
tion in order to make a selection, i.e. at “thinking”
speeds. Furthermore, the real information re-
quirement itself is seldom stated, and we are
generally left, if we like browsing, being happy
with what it is that we find rather than with what
necessarily best serves our purposes. (It is some-
what like philosopher Abe Kaplan’s definition of
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a pragmatist, “If you can’t be with the girl you
love, you love the one you're with.”)

The capability for a rapid response dialogue
between user and system opens the possibility of
following complex chains of association and, in
effect, of performing ahnost any aspect of the
function of browsing that can presently be identi-
fied. It is doubtful that browsing in the stacks
serves any function that could not better be per-
formed at a console such as is under discussion
here. If we examine the type of information that
is gained by direct access to the stacks, we may
begin to gain somne insight as to the nature of
browsing. The exanination of title pages, tables
of contents, and certain other portions of books
taken from the shelves represents processes which,
except for their physical environment, may not
only be duplicated but performned more flexibly
and rapidly at a console. Browsing with the help
of nnunsnal information clues, such as “chains”
of related subjects, use-history, citation patterns,
and other means, can be imade feasible through
well-designed antomation. We may note that the
need for browsing is one of the principal
arguments often given for maintaining a collec-
tion of books whose shelf arrangement is organized
by subject rather than by some alternative crite-
rion that might permit more efficient storage,
retrieval, and delivery.

3. 4 User-Indexed Library. Much valuable in-
formation other than subject and descriptive {par-
ticularly that which deals with use-history, cita-
tions, and user indexing) is not taken into account
at all in the design of present indexing, cataloging,
and classification systems. Maximal effectiveness
of the use of any collection can be achieved in
principle by superposing as many viewpoints of
organization as is practical. Particularly im-
portant are the viewpoints of the users of the
library. To incorporate user viewpoiuts is of
course difficult, but with the proper automatic aids
1t should be possible to do so in at least two ways.
First, each time materials are returned to the li-
brary the user should also return annotations
which reflect his views on the cataloging of those
materinls, their relationship to each other (the
fact that he considers two works as similar in somne
purticular sense may be of great future retrieval
value), and their relationship to other biblio-

20
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graphic tools. These should be reviewed by a li-
brarian, be processed in some way, and, if appro-
priaté, be incorporated in the catalog. A second
scheme would not require voluntary user coopera-
tion and could be fully automated. Systematic
records of who uses which books, periodicals, or
journal nrticles could be kept {at least for those
users who grant permission to do so). Any user
could then readily recover anything which he (or
any other person he names) has used previously.
One could ask for “the red hook which I checked
out last week” or perhaps “the set of 15 books on
automation which I used last fall” An entire
“private demand library” could be rapidly
constructible.

One could also exploit the information that two
works which share a relatively large common
group of users are conceptually related for that
reason. The extent to which such relationships
between users and information are of value re-
mains to be seen. By keeping track of the associa-
tions between people and recorded knowledge, the
library could and should develop a capability to
assist a requester in identifying persons who might
be able to answer any questions for which the
available recorded information is inadequate.
Bibliographies could be supplemented by lists of
persons who have requested similar bibliographies,
and who therefore might assist the user in extend-
ing or evaluating a particular bibliography.

In addition, one could imagine automatic “dis-
covery” of new subjects or disciplines through
user-book associations. For example, prior to
published studies by engineers on “bionics” or on
artificial neural nets, it is conceivable that works
on neurology and on communication theory shared
a significantly large group of users, and knowledge
of this would have been valuable in the reorganiz-
ing and augmenting of bibliographic tools.

4. Accessin Depth to Information. Intellectual
access to detailed information on a subject basis
is, at present, primitive in any area not covered
by one of the good indexing and abstracting serv-
ices. As a rule, subject cataloging of books is little
more than a gesture, since & book belonging to 100
categories might well be cataloged under only 1 or
2. Indexing in depth is expensive and the benefits
derivable therefrom are difficult to measure,
Control in depth to the limits of feasibility should

be undertaken in future libraries on as large a part
of the totnl collection as rensonable cost permits.
Inforination centers of specialized types should
be set up and maximal advantage taken of tech-
niques for automantic indexing, abstrasting, and
dissemination. Within certain limits, these have
ulrendy been demonstrated as useful and feasible
even though, for the present, the metter of eco-
nomics is still open to question.

5. Wheat and Chaff Identification. Within our
present system of communicating recorded knowl-
edge, no formal mechanism exists for distinguish-
ing between that which is important and that
which is unimportent. The difficulties of doing
so notwithstanding, it is worth attempting. In
future libraries all feasible measures should be
teken to identify the more significant publications.
These 1naterials might then receive the most
thorough indexing and cataloging;, to the extent
of identifying detailed information content.
Available resources for indexing and cataloging
are always limited, and within those limits such
resources ought to be optimally allocated. Op-
timization could be taken to mean that the most
important material, assuming it can be identified,
should be the most accessible to use. Recognition
of importance is assuredly difficult, but even a
rough or approximate measure may be greatly re-
warding, One feasible preliminary step would be
to facilitate delivery of reviews or critical com-
ments on published works at the same time the
work itself is delivered to o requester.

8. A National “Network” of Librarians. We
may presume throughout this discussion that limits
beyond which machines cannot go will often be
encountered. Effective use of librarians is fully as
important, if not more so, as effective use of ma-
chines. Many reference questions require the
assistance of librarians expert in a subject spe-
cialty. Proficiency in & speciality well beyond that
which most librarians sun reasonably be expected
to have is often necded, except in relatively rare
instances where a librarian may have unusual
depth of knowledge in a very few specialties,. No
one research library in that case could afford spe-
cialists in all subject areas. Thus the librarian re-
sources of all major research libraries should in
some way be pooled. This could be brought about
by means of an interlibrary communication sys-
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tem, so that, in effect, any librarian is accessible to
any user. The terminal of this communication
system should be an intercom or telephone at the
user console; this puts the user into contact with
the local librarian, who may then utilize a teletype
network for communicating with librarians in
other parts of the country.

7. A National Network of Bibliographic Tools.
There has been some recognition that the research
libraries and information centers of the country
constitute a national network but existing tools
{such as the National Union Catalog) and co-
operative arrangements fall far short of what
could be achieved if a major effort in this direc-
tion were initiated. The collections themselves for
practical reasons must be scattered, but systems
planning, snecialized reference services (as above
in 6), and bibliographic control (in particular,
by means of catalogs) can and should be carried
out on the basis of a nationwide, or preferably in-
ternational, approach. Practical limitations on
the size of any collection always exist, but biblio-
graphic tools can be much wider in scope. These

" tools,in a future research library, should represent

the holdings of all major research libraries in the
country either directly or by means of a communi-
cation network.

8. Instant Information? Response time for re-
ceiving library materials is inconveniently and
perhaps intolerably long compared to the speed
of human reactions and requirements. (This re-
quirement is of course difficult to measure since,
strictly speaking, ¢ntolerable response time would
lead to a decision not to use the library.) The
system should, in any event, respond as rapidly to
a request as the requester specifies, within con-
straints of practicality. It need not respond with
uniform alacrity to all requests since there are
those cases for which a response in an hour or two
is as good as in & few seconds; there is considerable
economic advantage in specifying that the user be
given the option of making a response time speci-
fication for each request since the cost of providing
ultrarapid response all the time is likely to be
exceedingly high.

9. Remote Interrogation and Delivery. In fur-
ther pursuit of an “ideal” system we may remove
constraints as to the time and place at which a re-
questis made. Remote interrogation and delivery

22
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of library materials 1s of course feasible (even by
simple means such as a telephone and messenger
service) and is largely a matter of weighing value
against cost. The value is intangible, but experi-
mentation may lead at least to reasonable
estimates.

10. Active Dissemination to Supplement Passive
Search. Libraries at present are largely passive
and should probably play a wmore active role in
bringing to the desks of users materials which they
ought tosee. Reading habits of users may tend to
be dominated by what is accessible with the least
effort, and this argues for maximizing the value of
such material. Experimental evidence exists to
show that the automation of highly selective, ac-
curate dissemination of at least certairn types of
material is feasible.

11. Quality Control Over Library Services; I'm-
provement Feedback. Finally, and most impor-
tantly, there are few systematic procedures built
into present research libraries to determine their
own effectiveness, i.e. that would permit them to be
compared with what they ought to become. Com-
plete satisfaction with present research library
services can only arise from a gross misconception
of the true state of affairs. Well-designed sam-
pling techniques would make possible detailed in-
formation control and evaluation for a small but
significant part of the library ; the results obtained
should then form the basis for improvements of
the entire system.

These 11 points form the basis for an approach
to the system design of future libraries. Each
must be expanded in greater detail; it is beyond
the scope of this talk to do so. The user dialogues
will be discussed at greater length, however, since
these are of particular importance.

Main Elements of a Mechanized Likrary

Having summarized the performance character-
istics requived of a future library, let us now con-
sider the main elements of a system designed to
fulfill these requirements. These elements are
outlined in figure 1. (The performance charac-
teristics will be developed in greater detail as the
operation of the system is described.)

The dashed lines in figure 1 represent the flow of
digital information in an automated system. All
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lieavy bordered boxes denote automated functions.
The flow of books, periodicals, reports, microfilin
copy, and other graphical, rather than digital,
data is represented by the solid lines between
boxes. The user console consists principally of a
keyboard, a cathode ray tube (hereafter abbrevi-
ated to crr), which is in direct communication
with the computer system and which has a pro-
vision for making a permanent copy of displayed
information. The crr displays only digital data
stored in the automated portion of the system. In
addition, the console includes a microfilm viewer,
with controls for search and selection, an enlarger-
printer, working space, book shelves, and a small
copying device to permit the making of permanent
records of any portions of books. An intercom
or teleplione is nlso available for consultation with
a reference librarian as necessary. These comn-
ponents represent a composite idealized console;
the actual consoles should exist in several versions,
some very simple and inexpensive, since cost and

To Reference Librasians Elsewhere

Teletype Network
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use factors on different components may differ
widely. The console described here is by no means
fanciful or beyond the present state of the art;
although expensive, such consoles exist now. For
the most part they have been designed for specific
military applications, but their characteristics are
similar to those required for library use.

The box labeted “Union Catalog” represents, in
principle, a universal catalog of knowledge. In
practice, however, it might reasonably represent
the holdings of all major research libraries in the
country. (It is lioped that, eventually, a national
union catalog will be available in machine-lan-
guage form, periodically updated and maintained
at the Library of Congress, and made accessible to
other research libraries.) The union catalog pro-
posed here, however, will differ considerably from
the present NUC in accordance with the require-
ments outlined earlier. In particular, material of
high quality will be cataloged in greater depth
than the rest, and the catalog will contain the ac-
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and Console and other and Microfilm
Bibliographic Tools CONTROL
Keyboard 1 STACKS
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FicUre 1. Main elements of an automated Ubrary system.
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cumulated information put back into the system
by means of annotations supplied by the users of
library materials. “Cataloging in depth” imiplies
that all known tools of descriptive and subject
access will be availuble for experimental compuri-
son and for testing of retrieval efliciency.

The box labeled “Shelving, Circulation, and
Microfilin Control” is of particular interest in that
its lines of communication run to the catalog and to
the stacks and cousist entirely of digital data.
Thns, shelving and circulation control is achieved
antomatically insofar as the signals sent between
stacks and catalog are concerned. Similar signals
must, flow between user and catalog to complete the
control function. Physical retrieval of books,
documents, and periodicals may or msy not be
antomated since this is rather difficult to imple-
ment and no satisfactory scheme for automatic
book retrieval lias yet been p.roposed.  Qur systemn
here, liowever, does presume that the control of
books is automated, although their physical han-
dling may not be.

The reference librarian shown in figure 1 is also
provided with a console. Tlhis console consists of
a kevhoard. crr disvlay, a voice intercom to user-
consoles, and a teletype networls to other librarians
in the country—in particular to those best able to
provide expert reference assistance in specific dis-
ciplines where more detailed knowledge is required
than the available reference librarian may have.

The microfilm library noted in figure 1 is to be
regarded here as a step intermediate between the
card catalog and the complete work itself. One
may reasonably assume that in many instances the
user cannot ascertain from the catalog card
whether e actually wants to see the corresnonding
book or periodical. It is reasonable to think that
he could avoid calling for the book if he had ac-
cess (in microfilm) to its title page, table of con-
tents, index, and perhaps a few selected pages.
Complete wo:" in microfilm may of course be
stored to the extent economically feasible and ac-
ceptable to users.

To develop the proposed system further a de-
tailed description must be given of all operations
to be initiated at the user and librarian consoles.
The amount of detuai) needed is enormous, but it
will be useful to begin with a narrative description
of the interchange between the user and the con-
sol>-computer system. Before such a system.could
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be implemented, the computer to whic!+ the console
is connected would have to be programmed to re-
spond appropriately to each signal sent, from the
console. It should be recognized that the follow-
ing description of processes might well imply 50
man-years of programming before the system
could be operational.

Main Control Keys for Initiating Dialogues

The following description of some of the basic
operations from which dialogues between the user
and the console can readily be constructed should
not be considered definitive; it is intended to ex-
emplify the kind of interchange that might reason-
ably take place, and which clearly hiolds the poten-
tinl for a much more penctrating interaction with
the library than conventional systems permit. The
console instructs the user on a step-by-step basis
on liow to proceed in his task of interrogating the
library in order to find information which he re-
quires. Each question is asked of the system only
after some kind of response to the previous ques-
tien has been given. “Programmmed interrogation”
is an appropriate description.

Six major “process control” keys present the user
with his initial set of choices at the console. These
keys (illustrated in fig. 2) serve to specify the
major type of operation to be performed.

The key labeled “Specific Work” is to be used to
specify a particular work by the usual (and some
unusual) descriptive material, such as author, title,
publislier, date of publication, etc. The requester
need have only partial bibliographic information
at lland in order to obtain a response from the
system, and the system will present him with a
bibliograply of all those works which meet the
criteria that he specifies.

The key labeled “Subject Selection” permits
retrieving material based on a particular subject,
retrieving material responsive to a specific ques-
tion, or browsing. Browsing is implemented by
means of the subject key, the combination key, and
the similarity key. The combination key is of
particular importance since it permits successive
operations with several keys in order to combine
a set of retrieval specifications.

The “Previous Use” key permits the requester
to recall any books that he has used before, or that
some other person he names has used, even though
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SPECIFIC WORK SUBJECT SELECTION

For reduesting a specific book, Joumal, or a) For requasting materlol based on sub-
taport by meons of outhor, title, publisher, Ject classlfication, Index, or keywords.
or other descriptive {non-subject) Infors b) Any request for specific Informotion.
matlon, <) Biowsing.

PREVIOUS USE ['SIMILARITY“ SELECTIONl

Selaction of any moterdal For selecting ony work “similor” to any
a) you hava used before specified item on o disployed bibllography.
b) other specified person hos used before.

COMBINATION

SEQUENCE DISPLAY

To link ony pair of obove keys. Pioceed to next display.

SELECT FOR DELIVERY Microfilm
Books Journols Reports View

Within Within Within
Minutes 14 How | 3 Houn J

O EEEE M EIEE

Froure 2. Main control keys at wser console.

he cannot remember enough conventional de-
scriptive data to specify them uniquely.

The key labeled “Similarity Selection” initiates
a chain of bibliographic citations that satisfy cer-
tain criteria of similarity to any initially specified
work.

The “Microfilm View” key is used to call for a
microfilm display of selected portions of any work
identified on the crr display.

In designing a computer system to respond to
the console, the time delay permitted in any re-
sponse is a very important design parameter; if
overspecified it is possible to run up automation
costs by several orders of magnitude. The cost of
providing a 1-second response to every signal
might well be 10 times greater than the cost of a
1 to 10 minute response time. As noted in our
list of requirements, response time clearly should
not be specified as a fixed amount, but rather the
user should have the option at the console of
selecting what he needs from a number of possible
choices. An example of such option is indicated
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in figure 2 by the three keys below the “Select for
Delivery” key.

In the following paragraphs we shall trace the
consequences of activating two of these major
control keys and show the conceivable chain of
questions and responses which could result. The
immediate result of actuating any particular key
is to receive a display on the crr which presents
the requester with both information and instruc-
tions on what to do next. The end product of each
sequence is a bibliography from which the user
then makes a final selection. Prior to receiving
the bibliography he is generally presented with
information on how many items the bibliography
will contain. He may then narrow the search by
further specification, if necessary, to prevent re-
ceiving an unmanageably long list.

Request for a Specific Work; Tolerance of
Ambiguity

Possibly the simplest and most frequent type of
library request is that for a particular book or
work, identified by title and/or author and/or
other descriptive bibliographic information. The
system should be designed tc operate on ambigu-
ous, incomplete, and/or unconventional biblio-
graphic information. No matter what is specified,
the system should deliver to the requester a list of
those items which fulfill the specifications and from
which he then may make a selection. If, for ex-
ample, the requester can specify the last name of
the author, but nothing else, it should be possible
for him to receive from the library a complete list
of the works of all nuthors with the specified last
name. If he specifies only the title he should
receive & list of works having that, or a similar,
title. Other information, such as publisher, date
of publication, identification as serial or mono-
graph, etc., must also be acceptable to the system
in incomplete form. The system should reply first
by stating the number of bibliographic citations to
be listed, and then by producing a bibliography
if one is desired by the requester. Each biblio-
graphic entry should identify alternate sources
for the work requested if the work is not in the
collection at hand or is otherwise unavailable.

If the requester is uncertain as to the suitability
of any particular bibliographic item, and if that



uncertainty could be removed by examining the
table of contents, the index, or perhaps the first
page of the work, then he may ask for such pages
in microfilin copy. This he does by means of the
“Microfilm View” key. Finally, the “Select for
Delivery” key is used for delivery of the entire
work—either in book form or microform. If a
requested work is not available for delivery, the
user is given immediate and complete information
as to its status (i.e. when it may be available,
whether recallable, whether in use at a nearby
console, etc.).

Response to this type of request (illustrated in
fig. 2) can, in principle, be fully automated, even
with only a fragmentary bibliographic citation
unless the requester has incorrect or badly garbled
information. In that event a librarian may be
able to help him reformulate his request. In gen-
eral, however, the automated system is designed to
tolerate as much ambiguity, vagueness, and lack of
information on the part of the requester as possible.

Subject-Oriented Requests

Requests for bibliographies of works on a given
subject are considerably more complex than those
based solely on descriptive information. In this
case the problem is not necessarily susceptible to
the same degree of formal description, and a con-
ference with a librarian may be necessary. Sup-
pose we try, however, to analyze this requirement
into its basic intellectual components insofar as
possible.

The requester begins with some kind of specifica-
tion formulated into words without regard for any
preestablished subject categories. The process of
transforming the initial requirement into a list of
possible subject headings or categories is an in-
tellectual task involving concept association. A
good part of this association, however, is achiev-
able by means of word association in a rather
mechanical fashion. Conventional alphabetized
subject heading lists serve this purpose through
“see” and “see also” references. In such a diction-
ary list (used, for example, in the Library of
Congress catalog) the requester looks up a word
descriptive of his requirement and finds in general
a “see” or “see also” reference to some subject
heading under which he can then find a bibliog-
raphy. Word associations by this means (or by
means of a thesaurus) are more successfully car-
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ried out if the scope of the subject matter can ini-
tially be narrowed. Therefore, in the machine
dialogue we will assume that the requester is first
presented with a gross or major classification of
human knowledge from which he may select the
most appropriate categories. Following the selec-
tion of the major subject, he then enters a string
of keywords. Since some of the words will be
more important for purposes of the stated require-
ment than will others, these words should be en-
tered in their order of importance. The machine
search procedure will then take advantage of this
order of importance in arranging the sequence of
the bibliographic listing. The method of con-
structing such a sequence permits the well-known
problem of forming “logical combinations” of
terms to be circumvented.

With this string of keywords and a selected
discipline, 2 machine matching procedure will (be-
fore constructing a bibliography) construct a list
of subject heading groups from which the re-
quester may then make a selection of those he
thinks appropriate.

Before calling for a bibliography based on the
subject headings and keywords specified, the re-
quester should be presented with a list of the num-
ber of bibliographic items in various categories of
his search request, determined by the number of
specified terms which are satisfied. That is, he
should first be told how many items match all of
his specified terms (here a term means either a
subject heading or a keyword) and then the num-
ber of works in all but one of his specified terms,
all but two,ete. Thus the requester is not burdened
with the exceedingly diffienlt task of making a
judicious choice of “logical combinations” of
search terms, since he is presented immediately
with the consequences of all possible such combi-
nations. From these numbers the requester can
judge whether or not a further narrowing of the
request is necessary. If it is, and if he has any
further descriptive information or can supply in-
formation as to previous use, he may initiate these
specifications by first activating the “Combina-
tion” key and then entering the appropriate new
sequence. When the bibliography length is
finally acceptable, the requester calls for a bibliog-
raphy and then selects either microfilm portions or
complete works in the same way described for re-
questing a specific book.

o))
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A system which responds to the user with a
bibliography at each stage of his request serves
a valuable function as a training device in the use
of the library. Tle requester not only learns that
a poorly formulated request. does not lead to re-
sponsive information, but he also learns a good
deal about what was wrong with the request, e.g.
whether it was too broad, too narrow, or too
ambiguous.

The Economics of Automation

One need have only slight acquaintance with
computers to recognize that on-line rapid response
access to a large catalog, as is implied by the dis-
cussion in this paper, is enormously expensive, if
not prohibitively so, with equipment presently on
the market. It is, however, the prerogative of the
customer to specify what is needed, and it would
be an abdication of this prerogative to abandon
desired requirements, before they are formulated,
on the grounds that they might be too expensive to
implement. Engineers should first be given the
opportunity to design systems that meet the re-
quirements and for which a competitive price tag
can be established. Judgment cen then be exer-
cised as to whether the probable benefits are worth
the price.

The hazards of limiting one’s thoughts to cur-
rent technology can be illustrated by the following
example. Approximately 2,000 reels of high-
density magnetic tape would be needed to store
10" bits of information, which roughly represent
the size required for a future National Union Cata-
log in the Library of Congress. If each of these
reels were mounted on a tape unit, so that any part
would be accessible within 4 minutes, then, at
$20,000 per tape unit, the cost would be about $40
million. At least one manufacturer now claims a
capability of developing a large capacity memory
with the following specifications compared to the
above tape system:

1. A storagecapacity 10 times greater than the
the capacity of the tape system.

2. A cost of only one-tenth that of the tape
system.

3. Provision of access to any piece of infor-
mation in a fraction of a second, rather
than in the 4 or 5 minutes required by the
tape system.

nNo
~1

It cannot be determined at the present time
whether or not this claim is accurate, but there is
at least good reason to say it is not irresponsible.
While it may be argued that no one has seriously
proposed putting the catalogs of the Library of
Congress on magnetic tape, it is likely that the
capabilities of tape equipment have influenced
much of the current thinking about the inappro-
priateness of automation for library operations.

In some respects the same potential for future
improvement may apply to console equipment,
which at present is quite expensive. Highly versa-
tile consoles have been designed and produced (in
quantities of 1 or 2) for prices as high as $200,000
each. If procured in lots of 100 or more these
same consoles, it is estimated, would cost perhaps
$30,000 each. New approaches to information
display have been suggested which might conceiv-
ably permit eliminating a large portion of the
electronics in a console, i.e. that part associated
with the buffer required to refresh the cathode-ray-
tube display. If this were done, costs might be
radically reduced. Whether or not any company
decides to make such a console may depend on
whether the requirement (hence the market) is
important.

The point of this discussion, again, is not to con-
tend that economically feasible automation is
just around the corner; rather it is to emphasize
that the customers of library nutomation must
formulate requirements and thus cause manufac-
turers to find economical solutions. There may be
room for improving the present economic picture
of automation by a factor of 10 or more. One gets
the impression that some of those who are design-
ing automated™libraries that cannot possibly be
implemented in less than 3 to 6 years are basing
their requirements on the performance of today’s
libraries and their design on yesterday’s computing
equipment.

Automation and the Library Profession

T would like to close with a note on automation
with respect to the profession of librarianship.
In the field of librarianship two pervasive ques-
tions exist that are closely linked, although this
relationship does not seem to be very widely recog-
nized. The first, which has been with us for many
decades, is concerned with the distinction between
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the professional and the clerical aspects of libra-
rianship. In what sense is librarianship a profes-
sion and in what sense does one need training only
in certain routine clerical practices? The second
question—is the automation of libraries pos-
sible f—is, of course, the one that we are denling
with here at this conference. I think there is one
answer common to the two questions. Those li-
brary operations that are reducible to clerical
routines are those which are mechanizable. This
sounds obvious, but the trick, of course, is to recog-
nize and identify those which really are reducible
to clerical operations. Having done this, one is
still left with tasks which require a high level of
professional judgment.

In my view, therefore, antomation is far more
likely to upgrade the profession of librarianship
than to replace it. Auntomation upgrades it by
permitting a sharper and clearer identification of
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that which is renlly of professional character in
librarianship. Those librarians who have some
kind of irrational antipathy toward mechanization
per se (not just toward some engineers who have
inappropriately oversold mnechanization) I regard
with some suspicion, because I think they do not
have sufficient respect for their profession. They
may be afraid that librarianship is going to be
exposed as being intellectually vacuous, which I
don’t think is so. Even in a completely mecha-
nized library there would still be need for skilled
reference librarians, bibliographers, catalogers,
acquisitions  specialists, administrators, and
others, Those librarians in the future who regard
mechanization, not with suspicion, but as a subject
to be mastered will be those who will plan our
future libraries and who will plan the things that
machines are going to do. There will be no doubt
of their professional status.
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General Discussion

FussLer: I am interested in your distinction be-
tween that which is professional and that which
is clerical. I understood you to say that that which
is mechanizable is clerical and that which is not
is the realm of the professional. I can visualize,
for example, a computer program which wounld
diagnose a disease which is normally a doctor’s
professional responsibility. Does this mean then
that you would be willing to delegate to the medi-
cal profession a clerical activity?

Swanson: Yes, as a matter of fact if medical
diagnosis is mechanizable, it means that doctors
were performing in a machine-like manner, with-
out, perhaps, being conscious of this, If you can
feed in a string of symptoins which invariably
lead to a diagnosis, then this can be taught to a
machine. It may have required professional judg-
ment to make this particular discovery, but, having
made it, it then becomes a machine-like task, cler-
ical if yon will, to apply or implement it.

I should note, by the way, that there are some
hazards in equating “machine-like” with “cler-
ical.” All human beings, including clerks, have,
for example, a highly developed facility for com-
plex pattern recognition which is used in descrip-
tive cataloging, in handling books, and in other
library operations. This certainly represents an
activity, at the clerical level, that technology isn’t
yet able to mechanize.

FussLer: One more question. The original de-
cision, or evaluation, may be considered profes-
sional, but subsequent repetitions of that decision
or evaluation, therefore, become clenical?

Swanson: In principle, yes. Now I can see a
qualification I should add. I suppose one can
arrive at a clerical decision by an intellectual
process. There may well have been doctors going
through such a process to produce the end product
in our diagnosis example. It may well be that the
end product could have been produced by a cleri-

22

29

P

cal-like procedure, regardless of how intellectual
any doctor might have been in arriving at it.

Arexanper: May I add a footnoteto that? You
do have the problem of assuring yourself that the
process is deterministic—that for a given set of
inputs there is one and only one repeatable set of
correct answers. When that happens, no matter
how complex it is, you can argue that you can
devise a machine program to reproduce it. 'I'he
difficulty is that many of these situations are not
fully determined. Consider the extreme example
of manuals of procedures—legally there is one, and
only one, correct answer on how to proceed if you
follow the mannal. This becomes a very complex,
but clerical, operation. Your job is not to make the
decision but to find the page on which the decision
is recorded. I think that this analogy sometimes
gets you out of this impasse. If the activity has
not been reduced to a set of procedures so that the
response is determined when the input is given,
then you don’t have a clerical or robotlike response.

The process of writing the manual of procedures
is a very highly professional task. The more you
put in that manual, the more you have built a
repetitive structure that is clerical in character.
We usually think of clerical activities in terms of
the operations being done, rather than the choices
being made. There is a class of activity which
purely is: On what page will I find the answer to
this set of circumstances?

Swanson: It should be added that, even though
the answer is deterministic, it doesn’t necessarily
mean that it has to be unambiguous, in the sense
that the range of ambiguities can be presented for
human inspection at the point of output.

FussLer: What you really mean by clerical is
that it hasn’t been analyzed to the point where a
decision can be made and you have actually worked
out the decision. For instance, you said that the
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diagnostic machine is clerical once you've done it,
so what you renlly mean is you've gotten to the
point where you’ve analyzed it.

Swanson: Yes. And perhaps one can infer
from this that the proper professional activity for
librarians is planning things for machines to do,
because it is the writing of the manual of proce-
dures that requires professional knowledge. Too
many librarians are following written manuals of
procedures and therefore are mixing together the
professional and nonprofessional tasks in an in-
distinguishable way. This has been the concern of
the profession, and the failure to make a profession
out of it, in many cases.

Tause: I think that it’s rather unfortunate to
use the word “clerical,” because within the library
profession a clerical job is something we look down
upon, as opposed to the professional job. You
wouldn’t say that mathematics is a clerical job—
it isa formal job—and the computer does very well
in mathematics. Now I’ve been known to talk
about the limitations of machines. But I would,
though, rather than the word “clerical” use the
word “formal.” Those processes in a library which
can be formalized and treated according to rules
can be treated with machines. Therefore, it is a
major intellectual job of librarians, following what
you said, to reduce to formal procedures those
things which they have been vague about up until
this time.

Swanson: I think that I like that term better
than clerical. The reason for the use of clerical
was to make clearer my assertion that this is re-
lated to the issue that has pervaded the profession
of what is professional and what is clerical. The
word “formal” has never come into the language
in that connection.

Borgo: I wonder if you would say something
about indexing and classification in terms of find-
ing relevant material in this library of the future.

Swanson: I presumed that in the library of the
future one superposed as many schemes of orga-
nization as are economically practical, that is, in-
dexed, cataloged, or classified to the depth that was
economically practical. T suggested that perhaps
one allocated limited cataloging resources to the
more important material, if that were possible.
I suggested incorporating, taking maximum ad-
vantage, of the users of the library to help orga-
nize the library materials. I purposely did not
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try to pin it down more closely because this is an
enormously complex question. IHarold, you're an
expert in this area; maybe I'm missing something
that you can add.

Bonko: No, I becomne frightened, even with the
nano-second computer, at the thought of going
through all of the material in the National Union
Catalog at some real-time response. We have to
find some way of breaking this down, of indexing
our material, so that we can tag it so that the com-
puter can give it to us to browse.

Swanson: I agree it’s frightening, but there is
a danger in being frightened when one is trying to
state requirements, because it might turn out that
we are frightened about the wrong things. After
all, it is now a problem for the engineers to solve
this business of nano-second access to an infinite
amount of information. We put aside, within
reasonable limits, the question of the economic
practicalities of how much information is to be
handled how fast and for what cost, unti! we have
definitely ascertained that we can’t have what we
want, and then we take Kaplan’s view of the prag-
matist and are satisfied with what we have.

UNIDENTIFIED SPEAKER: In this future library
how many users could be making simultaneous use
and how close together would these uses be? In
the present sedan-chair approach to the Library of
Congress for browsing, there is room for almost
everybody. It may be clumsy, but they can get in.

Swanson: I don’t think that this is any more
than the conventional waiting line or queuing pro-
blem, in which you have a certain number of serv-
ice points. There should be room for everyone in
libraries in the future. Everyone may not be able
to sit at a console, and furtherinore all these con-
soles may not look alike, because after you have
studied the use patterns you might find that an ex-
pensive printer, for example, should be shared
among five consoles; the microform viewer with
an ultrasimple keyboard device, among two. I
suspect that this console gets fragmented into four
or five different types of consoles, and that the
numbers of each are adjusted to the relative work-
loads in various parts of the system thus minimiz-
ing the idle time of any particular element. When
all is said and done, you will still have desks with
no consoles at all, because there will be the person
who wants to sit and look at the hard copy that
came out. He cannot tie up a console while he’s
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doing that, but he does need working space. So I
think that this is more a conventional systems
study problem, where one makes an optimal choice
of the quantities of equipment to fit the workload
in the individual parts of the system.

Dix: Dr. Swanson, in this system that you have
described, the ultimate product is a piece of
prose—am I right? That is, it might be a picture,
a table of contents, a piece of music, but basically
it’s a piece of prose. In other words, it doesn’t at-
tempt to go beyond identifying the items requested
by the use of symbols relevant to a particulav
topic. I think some of us have been confused even
by the very term “information retrieval” and were
thinking of some proposed machines that would
answer questions. As I see it, the only question
that your machine answers is a biblographic ques-
tion. In other words, it answers tlie question:
What does this system contain in prose relevant
to this topic? The problem of analyzing what
is in that piece of prose still remains a human
problem. Now if you go beyond this by depth of
indexing, it might tell you what page it’s on in
that piece of prose, or what line it’s on, but it will
not print out an answer to a question that might
be phrased like this: How do I get inkspots out
of my tie? It will produce for you the literature
written on that subject. Is this right, or am I
oversimplifying?

Swanson: No, I think this is correct. I have
talked about a system that essentially provides
bibliographic information., It does a few other
things, such as suggesting to the user how to ask
for references so as to get the bibliography, but the
end product is essentially a bibliography.

ArLexanpER: Is it not true that the analysis is
the crux of the whole system, and is not the
analysis, which is done by humans, the most im-
portant element of the whole system ¢

Swanson: I didn’t mean to imply that this was
not so; if I did, it was in error. It is certainly
true that the finesse with which one follows intel-
lectual routes to information depends critically on
the indexing, cataloging, classification, and orga-
nization of the information. The only observation
which I think appropriate to make within the
framework of this talk is that, in principle, the
more viewpoints one can superimpose on a collec-
tion, in terms of the way it is indexed, cataloged,
organized, and classified, the more effective the
retrieval, and the user viewpoints are among tlie
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most important to consider. How one goes about
superimposing a lot more things than one has the
money to superimpose and how to get at the infor-
mation in a lot more depth than one can afford to
are engineering problems. I am inclined to the
view that, in principle, we now know how to index
and classify about as well as we are ever going to.
Tt is more a matter of engineering and economics
to get all of what is known into the system, so that
we are not in the position of the farmer resisting
new ideas because he “ain’t farming half as well as
he knows how now.”

AvexanpEr: I would certainly agree with that,
but the result is that this becomes the most ex-
pensive part of your whole operation, much more
than a $70,000 console.

Swanson: I agree. Particularly if one thinks
in terms of indexing every sentence in the Library
of Congress. The problems are tremendous in
reducing this to something that is economically
feasible, if you consider everything that could be
done in principle.

AvrexanpER: Isn’t it a problem of how large the
aggregates are? A sort of compromise would ap-
pear necessary between the librarian trying to meet
the needs as lie sees them and the engineer trying
to stay within the economic restraints.

Swanson : What you are saying is that we have
to compromise, and that is a matter of ingenuity,
a3 well as o willingness to compromise the require-
ments. But isn’t this really the heart of systems
analysis?

Arexanper: We must recognize that the search
strategy you use with a combination of machines
and people is not necessarily the search strategy
you use with people alone. Our difficulty really
is that we are trying to use search strategies we
inherited, when we need people who have learned
the delicate art of mixing the two types of search
strategies.

Swanson: What I hope we can design (and I'm
not pretending that I kave the design) with this
particular approach is a system which makes it
easy not to be bound by tradition in the sense of
giving the user sufficiently flexible tools to explore
and discover search strategies that are not tradi-
tional. Do you have any specific suggestions as
to how we can go further in that direction? Do
you think the system as described here is, perhaps,
overly constrained toward causing the user to use
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strategies that he has traditionally pursued in the
past?

AvpLexanper: I’m afraid I have raised a question
rather than answered one. But I would like to
point out that, unless we follow different trends
then we have, we will start by building in the
search strategies with which we are familiar, and
then we may find out that they are either too
expensive or too clumsy. This certainly has hap-
pened in trying to apply the same machinery to
administrative procedures. The buggy whips
went in on the automobile right from the start, and
it took guite n while to get them off.

BuckLanp: Aren’t you providing more modes
of access to the library by shifting some of the
cataloger’s knowledge and some of the librarian’s
judgment over to the user?

In many ways your query-and-response console
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system is an aren akin to teaching machines. Here
two things have emerged. One is that paper ma-
chines are just about as good ns the ones involving
time-shared consoles, and the other is that they are
successful when they cover areas of information
that are extremely well mapped and have lLeen
well analyzed by lots of people.

Swanson: I didn’t mean to suggest that one
shifts the burden from the librarian to the user;
however, I see no reason why we should not utilize
the contributions of both as far as it is feasible in
the system. Of course, someone has to catalog,
classify, and organize the library. There is nde-
quate room in this system for making the most
effective use that we can of the librarian and his
resources and then simply superimposing whatever
the user can offer.
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Index Files: Their Loading and Organization
for Use

ROBERT L. PATRICK, DONALD V. BLACK
Planning Research Corp.

Introduction

A well-intentioned but ill-informed salesman or
other “expert” may someday attempt to convince
you that libraries should be mechanized by librar-
ians. He may quote from the manual on latest
“magic language” and point out that anyone can
program for his machine using the latest program-
ming aids. On the other hand, some overzealous
practitioner of the “black art” of computer pro-
gramming may take the egotistic view that he
knows enough about libraries to mechanize a li-
brary without any help from the staff. Based on
experience, the probability of either of these being
correct is quitelow. At the present time both fields
are so complex and changing so rapidly that no
man can know all of either, much less both. In
recognition of these facts, the conuthors bring to
bear the combined skills of the library scientist and
the computer specialist. This interaction has
proved so valuable that. the paper itself was framea
to allow our readers to begin establishing a similar
relationship with a gualified individual in their
own locale.

A fairly thorough literature search brought to
light many references concerning the avtomation
of libraries. (See items 3 and 4.)2" In digesting
the documents found, two observations became
evident. First, the computer field is quite young,
suffers from the lack of an accepted glossary (see
item 2), and lacks any codified set of principles on
which decisions may be based. On the other hand,
the library field is well established, has relatively
well-defined problems, and is proceeding (at some
undisclosed pace) toward their eventual solution.
In all of the retrieved literature, not one document
was found that discussed the establishment of the
basic files for retrieval. All authors assumed these

3This and similar references refer to items in the bibliograply,
page 48,
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files into existence. Therefore, it is the neglected
topic of basic files to which this paper is addressed.

Assumptions

Before we proceed, it behooves us to narrow the
field somewhat further., Of the problems that
beset libraries, one of the most pressing seems to
be money. This, and its ramifications, will be dis-
cussed in Dr. King’s paper. Therefore, it is as-
sumed that an automation program has been justi-
fied and we will proceed to indicate how this may
be carried out.

In addition, there are several little technical
problems that we, like other anthors discussing
library mechanization, assume out of the way.
While we realize that basic technical difficulties
do exist in the areas of cataloging and indexing,
and that sincere researchers are attacking them,
we must pass over these difficulties as being beyond
the scope of this paper. Therefore, we will assume
that an acceptable scheme does exist for the sub-
ject analysis of library materials. The scheme
may be implemented, as it is now, by human beings,
or it may be computer based. In either event, we
assume that the document is indexed ® according
to some classification and/or subject heading
scheme, and that the depth of such indexing is as
great as resources allow.

An additional assumption was made concerning
the hardware to be used for the storage and manip-
ulation of our file. Although there are some
exotic devices in the developmental laboratories,
some of which even show real promise, these have
been ignored. We have limited ourselves to pres-

8We will use the term indexiniz to mean the practice of cata-
loging and classification as normally carried on in lbrarles, es-
peclally subject cataloging and the assignment of subject
headings.
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ently available cominercial devices; however, we
have allowed ourselves a reasonable expectation
of the future state of development of these devices
as their evolution continues over the next few
years. Thus, we are considering computers of
the present transistorized, solid-state variety, We
presume present technique in our discussions of
punched-card reading, magnetic-tape transports,
and disk-storage devices, There we stop, We
have not presumed any exotic computer organiza-
tions or breakthroughs of any sort. Our assump-
tions are all within an order of magnitude of com-
mercial computer components that are presently
available “off the shelf.” As a further matter of
practical necessity we discuss specific, competitive,
generally available items, Our choice of items
should not be considered an endorsement of a
particular manufacturer or us a recommendation
for a specific device. The ones chosen are devices
that the typical librarian might be expected to
encounter in the normal pursuit of his business,

Definitions

Libraries—A library has been defined as a
collection of books kept for use, study, or reading,
Some people find it advantageous to differentiate
between special libraries and general reference
libraries, Others find it beneficial to differentiate
between serials, monographs, technical reports,
documents, books, engineering drawings, sheet
music, stereo records, audiomagnetic tapes, patent
disclosures, or letters of correspondence,

While these various distinctions and classifica-
tions are of use to the administrator and the li-
brarian, the computer programmer prefers to think
in terms of a more general definition: a library is
a collection of information, To be sure, the other
designations have utility and meaning, but the
factors of more interest to the programmer are the
size of tlhe collection as measured by the total num-
ber of items in the inventory, the kinds of trans-
actions that relate to the items in the inventory,
and the time series of transactions over some sta-
tistically significant measurement period. Such a
time series encompasses, of course, the frequency
of each transaction type, the total number of oc-
currences by transaction, an analysis of the periods
of dwell, and the peakload phenomena.

Another useful distinction is the difference be-

tween a library and a warehouse. A warehouse is
an establishment for the storage and protection of
itemns until called for. The calls for such items are
singular, unique, and virtually preordained at the
time of initial entry into the collection. On the
other hand, a library is an indexed collection of
information. One or nore indexes to the collection
may bo developed and maintained. A call for an
item may not be unique or unambiguous and sel-
dom is singular.

Index Files.—From the distinctions given
above, we may define somne useful terms. If the
complete description of an item of 1nformation is
known and if its whereabouts is to be determined,
an index file may be referenced by an operation
known as a “selection.” From this we may imply
some things about the specification of an index file.
An index file contains a description of the item and
its probable location. In consideration of selection
efficiency, an index file is usually established, kept,
and maintained in some order.

In the case of a warehouse the index to the con-
tents of the warehouse is maintained in the same
order as the warehouse receipt (which is approxi-
mately date and time). In the case of a library the
index file is usually maintained in “alphabetical”
order (“alphabetical” hore is defined as being
suitable to human beings and not exactly in strict
alphabetical sequence as defined by a computer sort
on a specific unique character set). For a library
three such indexes are often kept: an author file,*
a subject file, and an inventory or shelflist.

You will note that index files can be discussed
without engaging in the debate about the media
on which the collection itself is stored. The dis-
cussion of hard copy or microform is the province
of Dr. Alexander’s paper. Our previous restric-
‘tion to state-of-the-art techniques further pre-
cludes detailed discussions of natural-language
text held in magnetic form. We limit our discus-
sion to the index of a collection of information.
The index consists of the item descriptions and the
probable location of each item.

Lest the scope of our discussion appear too nar-
row, we might pause to mention some specific ap-
plications. The first one that comes to mind is, of
course, the Defense Documentation Center (for-

4 We here define, the author flle 18 being a “maln entry” file.
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merly ASTTA). The Bureau of Ships has a sim-
ilar problem with its technical reports. Many
military agencies have the same problem in the
control of their classified reports. The Los An-
geles County Sheriff has the identical problem
with a file concerning criminals.

In ench case an index file that consists of descrip-
tions of jtems and their probable location is in-
volved. The items may be books, technical reports,
or, as in the case of the Los Angeles Sheriff, peo-
ple. In the latter portion of this paper we have
chosen as our example the National Union Cata-
log. This was done for several reasons. First, it
is a very large index. Second, a conversion and
handling technique for a large file can be adapted
to work for a smaller file, although the converse
is not genernlly true. Third, the National Union
Catalog has some interesting side problems v'hich
allow us to discuss character sets, encoding and
split files, nnd to provide some basic information
for the state-of-the-art paper on output printing.
Fourth, this file presents more taxing problems
than other files, such as serial records, shelflist,
acquistions list, etc.

Fields.—A file is a collection of entries. An
entry is a cullection of fields. A field is a named
item of information. In addition to being named,
each field must be defined. It is defined by giving
its mode, its length, and, if it is numeric, its scale
factor. In defining the mode of a field, a pro-
grammer would note whether the field is alpha-
betic, numeric, or alphanumeric.

If the field is numeric, the programmer must in-
dicate whether the information is binary, 4-bit
coded decimal, or 6-bit scp (binary coded deci-
mal). If extended character sets or alternate
character sets are sometimes used, this, too, must
be indicated.

To complete the definition of a numeric field, the
programmer must indicate whether the data is
signed (e.g. plus or minus) or unsigned (e.g. al-
ways plus), the length of the field in either bits
or characters, and the scale factor, if any, that is
inherently associated with the field. Of course,
any or all of these factors can be generally pro-
vided by convention. Provisions must be made
for all of the exceptions expected. '

If a field is alpha or alphanumeric, the pro-
grammer must define the character set and its en-
coding. The encoding denotes the sort order, a
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topic to be discussed in more detail later. If only
uppercase letters were required, a full alphabet of
26 letters, 10 numbers, 27 special chavacters, and
a blank churacter could be encoded in the com-
monly used scheme for 6-bit Bcp. If more char-
acters are required, then a 7- or 8-bit code also
could be utilized. The Federal Government,
the military services, the manufacturers’ society,
and the computer community are now engaged in
an extended debate on just what the characters
in a 6-bit set should be and how these characters
should be enicoded within the set. There are al-
ready almost more varintions on this basic set
than there are rabbits in the western United States.

Character Sets.—Even though we havc not yet
agreed on a standard character set for our data
processing computers, each computer has a single
set built into it. This set is the “natural” set of
that computer, and all other sets are defined in re-
Intion to this built-in character set. The character
set is extremely important in file definition since
the character set defines the order of a file once
it is sorted.

Most computers sort hy a simple comparison of
the binary patterns that represent the fields of in-
terest. While this sounds complicated, in reality
it is not. For illustration, if 6 binary bits are used
to represent a single character, as in most of our
present-day computers, the nntural character set
of the machine will encompass 64 characters.
There nre ns many charact.rs in the character set
as there are discrete states in the representation,
ie, 2°=64. Thus we find that a 6-bit code will
allow 64 characters, a 5-bit code will allow 32
characters, and a 7-bit code will allow 128 char-
acters. There is uniform agreement that one of
these characters must be blank—the communica-
tions people call this master space. There is gen-
ernl agreement that we need to encode the 10 rep-
resentations of the Arabic digits 0 through 9.
Furthermore, there is reasonably general agree-
ment that the 26 letters of the Roman alphabet
should be encoded. Beyond this there is no gen-
eral agreement. (Seeitem 1.)

Of specific interest to the library community
are the encodings of the punctuation marks and
special characters. Once these have been chosen,
the sorting sequence for the computer is defined.
The computer merely compares the binary pat-
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terns character by character (or word by word),
and, by a long selection of binary choices, orders
the file on the fields that it has been programmed
to inspect. A computer could order an index file
alphabetically on the author’s name field and
thereby achieve what we usually call an author
index (in alphabetical sort by the name of the
author). The computer could be instructed to
sort on the keywords and an index file by subject
would result. Or the computer could be instructed
to sort on the call number,® and a shelflist would be
obtained.

The character set is the foundation for the or-
dering and sequencing of a file. Fields are defined
by mode, length, and scale. An entry can then be
defined by indicating the names of the fields con-
tained in that entry. With such a general tech-
nique a further breakdown of entries by entry type
can be obtained. An entry type is a unique com-
bination of defined fields. If the definition of a
field or the collection of related fields is altered,
a new entry type must be defined.

£Fixed vs. Variable—Before we proceed with
examples using these definitions, three more words
are required. The word “fixed” is an adjective in
computer parlance used to denote a feature that
is, for all intents and purposes, permanently
situated as presently described. Some computers
are described as fixed word-length computers.
This does not mean to imply that their word
length could not be changed, but merely that the
difficulty associated with changing the word length
of the computer would be severe. In asimilarman-
ner, the length of the field containing the year of
publication for a book would be fixed at-four dec-
imal digits. This does not mean to imply that
this could not be modified after the 99th century,
but that such provisions are ignored /«.r practical
reasons,

The word “variable” stands in cowputer par-
lance as an antonym to the word “fixad.” If an
item of information is considereu vaviable, then
provision is made so that the current length of the
item of information is indicated in the computer
memory immediately adjacent to the item of infor-
mation itself. The variable-word-length com-
puter determines the length of a data field anew

& Letters, figures, and symbols separate or in combination as-
signed to a book to indicate ita shelf location. It usually con-
sists of a classification number and book number.

each time that field is manipulated. Such an indi-
cation may be a special character in the character
set used for indicating the end of a data field, or
it may be carried in a separate length field, which
is stored adjacent to the item of data. In the
Iatter case, the length field itself would be fixed,
whereas the data field would vary in response to
the quantity stored in the length field.

File Design

Now, let us broaden the scope somewhat. If the
statistical characteristics of a file are not known,
then the designer of a file must make allowance
for the longest occurrence of each data field that is
possible. He then defines a preliminary file orga-
nization allowing only entries having fixed length
fields. Their length is set, in each case, to the
maximum length expected. As the file designer
becomes acquainted with his file, through direct
contact or through sampling by a computer, he
performs a statistical analysis to obtain the num-
ber of redundant blank characters associated with
each data field. Heis interested in the actual max-
imum length that occurs in each data field, the
actual minimum length that occurs in each field,
and the frequency of occurrence of each length
between the maximum and minimum. Once he
has access to this information he then can do an
intelligent file design.

We have three very powerful adjectives: fixed,
specified, and variable. They will be exemplified
below, using the length of a data field as an ex-
ample. This will be a convenient mechanism for
examining the three words whose concise defini-
tions follow. Fixed implies an item whose char-
acteristics “never” change. Specified describes an
item whose characteristics change infrequently and
are arranged in neat sets of like characteristics.
Variable describes an item whose characteristics
are prone to change with each occurrence.

If the maximum length and the minimum length
for a given field are the same, then that field is,
naturally, a fixed length field. The fixed length is
defined as the observed length. If the maximum
length and the minimum length vary appreciably,
then the programmer looks to see what power of 2
is required to encompass this variance. For ex-
ample, if the number of characters varied from 27
to 56, then the variance would be 29 characters.
Since 2 ¢ is 82, five binary bits would be sufficient
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to describe this excursion. The programmer
would then contemplate adding a 5-bit fixed field
to the data field in question and defining this pair
of fields as variable length. This then would be
interpreted, by the computer, in such a way that
the computer would look to the 5-bit fixed field and
find out how many characters were contained in
that occurrence of the related data field over and
above 27. The computer would then process the
related data field based on detailed knowledge of
its instantaneous length.

A variant of the variable field concept is the
specified field length. If, by detailed statistical
analysis of the file, the programmer were able to
determine that the length of a field varied signif-
icantly, but not randomly, then the programmer
would consider an alternative field definition.
Such a field definition would be termed “specified.”
A field would be specified as to length if successive
entries had fields whose length were precisely the
same as the immnediately preceding field of the same
name. A programmer would analyze the file look-
ing for runs of the same field length. If this phe-
nomenon existed, he would introduce a new entry
type whose sole purpose would be to change the
length specification for a specific data field.

The first entry in the file would be an entry that
set the field length to its initial value. Following
this would come entries of an alternate type that
contained data. YWhen an entry occurred whose
length did not conform to the existing specifica-
tion, a field-length change would be introduced
that would amend the specified field length or
replace it by a new specified length. An entry
of the new length could then occur. Additional
entries would be allowed until it was necessary
to change the length specification again.

Some Examples of Data Fields

To avoid getting too far afield let us test the
definitions of these three important terms—fixed,
specified, and variable—with examples from our
personal experience. Once a library is established,
the date of such establishment is fixed in all of its
characteristics. The number of employees on duty
at any hour of the day is specified. The amount
of the budget remaining at the end of the month
must be variable.

The same three powerful terms can be used to
help describe other characteristics of a data field.
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The character set used for a Library of Congress
catalog nard number is fixed. The first two digits
of the Library of Congress card number are speci-
fied for a 12-month period. The length of a title
on a new catalog card is variable. (While com-
puter people might like to take credit for the above
concepts, unfortunately they cannot. The figures-
vs.-letters shift on a normal teletype is a technique
for specifying the character set to be used. In
this way the basket of the teletype is latched into
one 5-bit (31 characters) set or the alternate char-
acter set. This, in teletype messages, is a method
of specifying the character set to be used until
the specification is altered.) The specified mode is
an attribute of serial files and serial storage media.

In a similar manner, most punched card work
has been done in fixed length fields with a fixed
character set. While this is not a limitation of the
medin (until the physical limitation of 80 columns
has been attained), it was a limitation of the de-
vices that were processing such cards.

Again to pick an example from the communica-
tions industry, the length of a teletype message is
limited, first by the roll of paper tape on the ma-
chine and second by the end-of-message indication.
Teletype messnges can be a variable number of
lines in length. The lines theinselves can vary in
length, To describe such a teletype message to a
computer, one would either define the end-of-line
and end-of-message character encodings so that
the computer could scan line and message length
itself, or a fixed length field would be associated
with each line and would give the number of
characters in that line, The whole message would
be preceded by a total line count. These counts
could either be imbedded in the message or gath-
ered together at the head or the tail.

One may reasonably ask, why giveall this overly
detailed attention to character sets, field length,
and encoding? There are two reasons. First, this
material is well known to a few senior people in
the data processing field but has never before ap-
peared in print. Second, the file storage units
will be a significant portion of the cost of an auto-
mated library system.

The total volume of the information to be stored
cait be altered as much as 100 percent by the proper
application of the above techniques. Therefore,
the total cost of computer equipment for an auto-
mated library can vary, depending on how well
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the above techniques are applied. In the case of
the National Union Catalog, this variance is ap-
proximately $5 million.

To determine which of the above techniques is
appropriate, a file designer would examine e«ch
field and compute the number of bits required
to contain all of the occurrences of that field if it
were fixed, if it varied and had a count field ap-
pended, and if it were specified and the specifica-
tion -hanged with each transaction. Given inti-
mate knowledge of tie file, the one “best” descrip-
tion can be determined by minimizing the bits to
be stored.

One point of encouragement here: when one
dealt with inflexible media such as punched cards
or typeset cards, the format, description, and
specification of each field was inalterably set at
the time of initial design. This caused one to be
ultraconservative in the initial description of the
file. For the same reason this conservatism is evi-
dent in the design and ordering of our present card
catalogs. Tho die, once cast, is permanent. With
magnetic media such is not the case.

It would be unfair to paint too rosy a picture
but several facts may be observed. The file will
never bestatic and hence will be updated and main-
tained regularly. By careful changes to the main-
tenance program the specifications for the file can
be altered and a restructured file obtained as a
byproduct of its regular maintenance. Thus, if
a field were called fixed, and eventually grew out
of the established bounds, it could be redefined (by

" a careful alteration of the computer programs) be-

fore one of the regular maintenance passes.

Selection and Searches

As intimated above, a file is kept in some order
determined by specifying one or more data fields
to be used as a sort key. When more than one data
field is specified to be tised as a sort key, they are
combined temporarily into a superfield. As se-
quential entries are obtained, the sort keys are
compared and pairs of entries reordered until the
desired sequence is obtained for ali entries.

If a file were to be placed in ascending alpha-
betical order by author, these fields—Ilast name,
first name, middle name, and year of birth—would
be defined as the sort key. Their eombination
would be specified in the order given. The year
of birth would be defined as a fixed-length nu-

w

meric field, whereas all others would be defined as
variable-length alphabetic fields. The variance in
their length would be described by n leading
character count or by a terminal punctuation mark,
whichever suited the particular computer best.
In this manner the desired sequencing would be
obtained; the principal modification required to
bring this simple example into contact with real-
ity would be to expand the file whenever multiple
anthors appeared, using a permutation scheme
similar to that used in xwic.*®

Earlier we defined the selection operation. We
may now attempt a more precise definition of this
important function, The simplest use of an index
file is to reference it, by man or machine, to obtain
the location of an item of information (document,
report, monograph, or serial) in the collection.
When the document can be unambiguously de-
scribed by the requester, and if the fields given by
the requester are the same fields on which the file
is ordered, and if the request is unique, then a
direct selection can be made and the whereabouts
of the document determined.

For example, if a reference librarian knew the
author and the full title of the document, and if
the index file were ordered alphabetically on au-
thor and then on title and, furthermore, contained
either the shelf location of the document, or a
record of where it might be borrowed, or the per-
son to whom it was now charged, a direct selection
could be made from the file. The results of this
selection would either be a call slip for the clerk in
the stack, a form letter to a cooperating library
requesting a loan, or the name and phone number
of the person currently charged with the
document.

The other interesting function performed on files
is a search. If a requester ambiguously describes
a document, or if the file is not ordered on the data
fields supplied with the request, a search is re-
quired. There must be a criterion for initiating
the search, a criterion for terminating the search,
and a criterion for success. These three criteria
may be as simple or as complex as allowed by the
file designer and the computer programmer. As
might be expected, the more the request deviates
from the key on which the file is ordered, the more
arduous the search will be. The worst case is, of

¢ Key Word In Context. One of several terms used to describe
permutation indexing techniques.



course, the complete passage of the entire file on
some obscure combination of data fields,

A trivial example of such an obscure search
would be a request for an illustrated book of odd
size printed in England in 1955, dealing with the
medieval period. For such a request o full search
of the index file would be required, unless a current
file in order by subject were available. Ifan index
file were retained in subject order, a search still
would be required of the section, medieval history.
The search would be initinted at the beginning (or
end) of the section on medieval history and would
be terminated by the first occurrence of a book
referring to another period of history. During
the search, each entry would be inspected to see
whether the subject document were illustrated, of
odd or standard size, and printed around 1955.
Obviously, searches can be performed on all data
fields within an entry and on any combination of
quantities contained within any combination of
data fields. If the author’s last name and one or
more keywords in the title were known, only a re-
stricted search would be required.

Hardware Specifications

In recent history the only practical storage
medium for voluminous files has been magnetic
tape. Typically, this tape comes in 2400-foot
spools, contains 6 binary bits per frame, and ap-
proximately 1,000 frames per inch. Information
is stored by passing the tape under a set of electro-
magnetic heads and creating spots of local mag-
netism on the tape at the aforementioned density
while the tape is moving 150 inches per second.

Information is deposited on tape in variable-
length blocks called “physical records.” The phys-
ical records are separated by a 84-inch gap of
erased tape. Tape units are constructed so that
they can stop and start again within this small
gap. The computer reads or writes one physical
record at a time. Records may be passed over in
either direction without altering them.

By applying standard usage factors, one finds
that such a tape would hold approximately 5,560
physical records of 24,000 bits each. Thus, about.
134 million bits of information could be stored on
a magnetic tape. This information could be
passed under the reading head in 176.seconds—a
shade under 3 minutes. It has been estimated that
a typical catalog card contains 1,000 bits of infor-
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mation, (See item 7.) Thus a linear senrch of
134,000 catalog cards could be performed in
slightly over 3 minutes.

Modern computers have their input/output or-
ganized in o manner that is described as buffered.
This means that the computer can perform other
operations completely independent of input/out-
put transuctions,

Modern computers can have several buffered
channels. An information rate such as that de-
scribed above is possible over each of the channels
with complete simultaneity, provided the com-
puter is fast enough to digest the information sup-
plied to it before the next information is
presented. A good-sized computer will allow
8§ input or output channels to be operating con-
currently, Thus, the equivalent of slightly over
a million catalog cards could be searched in 3 min-
utes. This type of search would not be required
very often, but it is important to know that pres-
ent commercially available computers could han-
dle these search volumes in : ~h a reasonable
period of time. This is ¢ far . . from the usual
pathetic computer, which is pictured performing
a linear search of the entire file system in serial
fashion,

Before we leave the subject of linear tape
searches, one more obvious observation must be
made. By the simple expedient of a table contain-
ing the first and lust entry on a tape file, the length
of search can quite often be diminished. In the
aforementioned case, where author and title key-
words were known, the tape spools that preceded
the one containing the author’s name would never
be searched. Spools containing names higher in
alphabetical sequence than the name of interest
would similarly be bypassed. For the trivial case
mentioned previously, or for a search on the num-
ber of illustrations, type font, and birthplace of
author, a serinl tape search would be required for
all items in the catalog.

The amount of information contained on one
spool of tape and hence the length of time required
to pass that spool of tape are related, in an almost
linear fashion, to the length of the average indi-
vidual entry. Previously we discussed in detail
how fields could be defined as fixed, specified, or
variable, in order to minimize the total file volume
required for the storage of an average entry. Now
we should like to discuss further the concept of
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“gplit vs. combined files” as an additional tech-
nique for reducing the volume of file storage while
simultaneously reducing the search time.

This concept, offers an improvement in addition
to that previously discussed, i.e. minimizing the
length of the average record. If a file is to be
stored in one ovder only, the search time may be
reduced by splitting the file into potential search
lkeys and respondents to such a search.

Clearly , searches will always be allowed on
author, title, classification, and keyword. It
is a moot question whether to allow searches on
the author’s birth or death dates, the illustration
statement, o1 the publisher. Most librarians
would agree that color or style of binding, size,
number of pages, and copy number are, instead,
respondents to a search along with location and
security classification, if any. Thus it is possible
to split the file into potential search keys and im-
probable search keys.

The potential search keys would be contained in
a search entry. Such a file would consist of en-
tries having a minimum average record length
and hence would search as rapidly as possible.
Along with the keys in each search entry would
be the location (address) of the full response to
the search. The shortened (compact) file could
be searched and the addresses of the respondents
retained within the computerin a list. After such
a search, the response tape(s) could be placed on
the machine and the full response could be selected
and printed out. With magnetic tapes, such a two-
step process requires batching for economic rea-
sons. Batching increases the turnaround time for
a request while gaining efficiency in the operation.

If the file is to be retained in more than one
order (trading stornge-space for search time), the
split file is even more attractive, Rather than
retain the entire file in every order, only search
entries are kept in every order, while the response
file, containing complete bibliographic data, is
in only one order. All potential responses are
batched against the response file in a subsequent
operation.

We have been talking of familiar coucepts in
unfamiliar terms. The eatalog card is itself an
entry in an index file. The lines on it vary in
length and number within a physical maximum.
The index file is kept in alphabeticnl order on one
or more fields. Sometimes a file is duplieated and

retained separately by both subject and author.
For exnmple, if there is only one subject entry
and one author for each item represented in the
file, the total volume stored is double that, of either
file singly, but the information content is the same.
The pair of files are doubly maintained in order
that search time can be reduced at the expense of
file volume.

" Sometimes these two files are merged into a
double-length file in combined author/subject
order. Humans make selections fromn these files
or embark upon limited linear searches. In every
case the drawer labels are used to block out a
search just as the labels on the front of a magnetic
tape would be used in a decision process either to
search or block out a tape.

In the last 2 years practical magnetic-disk stores
for computers have trickled into general usage.
Magnetic disks and drums have been under con-
sideration for a long time, but only receutly has
their capacity and reliability placed them in the
practical category for large volume storage. ITow-
ever, the above definitions and discussions were
not wasted since they have allowed us to under-
stand the relatively simple serial media and have
prepared us for a discourse on a cyclic storage
media.

We must apologize for & misnomer in daily use
in the data processing field. The term “serial” is
applied to tapes of all kinds and implies that
search iime is a function of the length of an aver-
age entry and the number of entries searched.
Conversely, “random” is usually applied to mag-
netic drum and disk. This implies that the delay
in accessing an item of data is not position de-
pendent. Such is, unfortunately, not the case.

In the case of the common magnetic drum, the
electromagnetic heads for reading information are
fixed to the frame of the machine and the mag-
netic media rotate on the periphery of a steel
cylinder, which is driven about its axis of rotation.
The access to any spot on the surface of the
cylinder (drum) is a function of the relative posi-
tion of the head (fixed to the machine frame) and
the spot in question (rotating with the surface).
Such storage medin should be described as cyclic.

Turther to confound the initiate, the magnetic-
disk storage device was developed.” Thisis simply

7A simllar pattern of development occurred with the pho-
nogruph, Originally cylinders (drums) were used, then disks.

a1
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a technique to obtain more area for the deposition
of magnetic material. A series of cireular disks is
bolted to a single shaft and that shaft is rotated
at constant speed. Mnagnetic material is placed
on both surfaces of the disk. The read/write
heads (see fig. 3) nre servo-positioned to a specified
radius under computer control. There are usually
one or more hends per disk surface. Once the
iicads are positioned, the access to concentric circles
of information (called tracks) is cyclic as in the
case of the drum.
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In addition, tracks on other disk surfaces at the
same radius may be read (ns in the cnse of the
drum) by switching electronically to nlternate
heads, which have nlrendy been positioned (see fig.
4). Access v other tracks at other radii is ob-
tained by payment of an ndditionnl time penalty
(measured in milliseconds) used for the position-
ing of the servo arm, which earries the hends them-
selves, Thus a magnetic disk is far from random
but is both current-position dependent and cyclic.

We ask ourselves: Why is all this mechanism
necessary and what does it gain us? Stornge ca-
pacity and ense of operation nre the answers, A
magnetic disk is relatively inexpensive and is
senled in a protective environment, which im-
mediately avoids the usual dust problem with mag-
netic tape and, therefore, increnses the relinbility.

In the previous example on magnetic tapes, we
pointed out that approximately a million catalog
cards could be scanned in 8 minutes. The question
that quite naturally occurred to most of you was:
What if T have more than a million cards? The
answer is: Change tapes! This is something
not normally mentioned. A tape change,by a com-
petent operntor, tnkes approximately 2 minutes per
unit. If 2 million cards were to be scanned in the
previous example, 8 operators wouid be required
to perform this in the minimum time and 8 minutes
(8+2+3) would be requived for the senrch. If
less than 8 operators were available or if the oper-
ators were not alert enough to perform the tape

Top Disk Tracks
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FigURE 4. Magnetic disk storage.
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change in the minimnm time, then 8 minutes would
not suffice. If the National Union Catulog is con-
considered, then 14 x 5 or 70 minutes wonld be ve-
quired for n single search if perfect operation were
presumed. Clearly this is so impractieal that it
would never be contemplated. On the other hand,
a single magnetic-disk storage cabinet of the kind
presently available contains 336 million bits.
Those expected in the reasonable future should
contain 650 million bits. If the 14 million cards of
the National Union Catalog are to be stored at
1,000 bits each, then 14 billion bits of storage would
be required. Twenty-two of the 650-million-bit
cabinets wonid be needed to store this file.

Though formerly the utility of split files was
not immediately obvious, we can now see their
benefit. If the file were split into request keys
and respondents, short subfiles would result.
Such subfiles conld be searched at a rate of 900,000
bits per second per channel. A specific place on
each disk conld be set aside for tables that define
the starting key and the stopping key for each
cylinder, much as the alphabetical card on the front
of a catalog drawer now does. Access could be
had to any block of 2,600 cards in approximately
100 milliseconds and these 2,600 cards could be
searched in about 1,55 seconds. Sonie of the tech-
niques developed for block searching and block
sorting could be applied to such a mechanized in-
dex file, and hence great speed of search could
vesult.

Search speed, per se, is not necessarily valuable.
But search speed in the presence of sufficient de-
mand yields a low cost per request. The storage
device described above would:

1. Rotate every 34 milliseconds

9. Contain a read/write head -for each disk
surface

3. Contain some 40 surfaces

4. Stora 650 million bits per cabinet

5. Read or write at 900,000 bits per second per
channel

6. Have 10,000 tracks per cabinet

7. Position the heads from track to track in
approximately 100 milliseconds

8. Cost about $250,000

9. Store a bit for 6o of & mill ($.0006)

One should not make the mistake of comparing
this storage price divectly with magnetic tape.
Disk storage devices are usually permanently dedi-
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cated to the file they contnin. On the contrary,
magnetic tape is removable and the stored media
only cost abont $50 per spool. The mechanical
tape-transport unit and its associated electronics
can then be used for other purposes. Again, as
in most computer undertakings, there is & trade-
ofl of cost vs, time.

Some Observations on Information Retrieval
Schemes

Wo are now in the position to make some inter-
esting observations and judgments on information
retrieval schemes. The coordinate file is what
we now know as a combined file. We realize that
this is excellent for selections, but, since the av-
erage entry length is long, it is not very good
for linear searches and is particularly wasteful
of stornge space if the complete file is to be re-
tained in several orders. On the other hand, the
inverted file makes use of the columns described
in Vickery’s “information array,” (see item 8)
and, furtlermore, is a split file. A coordinate
(master) file also exists somewhere but the key-
words have been split into subfiles, collected, and
compressed, so that their redundant information
is removed. (See the appendix to this paper.)

An inverted file is an instance of a split file that.
makes use of two entry types and field specifica-
tions. Instead of specifying the length of a field,
the alternate entry type of an inverted file specifies
the keyword (descriptor)® that applies until al-
tered by an entry that establishes a new outstand-
ing descriptor. While n descriptor is established
and outstanding, the file consists solely of item
numbers which axre associated with that descriptor.
After lists of items associated with all the descrip-
tors are obtained, they are matched with one
another until the proper combination of AND, OR,
ALL, and wor is obtained. The inverted file with
its nonredundant entries is a phenomenon of serial
stornge media, particularly magnetic tape (or
magnetic disk when used in cylinder mode).

Both types of file organizations are outgrowths
of previously kept, manual index files and were not
developed specifically for machine use. The file
organization given in the appendix to this paper

s Descriptors mny be of any type, ¢.g., subject, terms, dates
names. ete.
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uses the definitions and distinctions made thus far,
states its assumptions, and provides some para-
metric measures whereby its applicability can be
measured. This organization is, to the knowledge
of the authors, unique t nd one of the first designed
specifically for the machine searching of files held
on magnetic-disk storages.

File Conversion at th: Source

Now that files have been defined and described,
let us continue with our analysis of the conversion
problem. In the first half of this paper, we have
followed the lead of the many eminent authors who
preceded us by assuming files into existence and
then hypothesizing how they might be used, main-
tained, and referenced. If we probe deeper, we
must. eventually come face to face with the ques-
tion: How do these files initially come into being ?
Let us hasten to agree with other wee voices who
have cried in the wilderness and state that the
economic, optimum, practical, recommended, and
most logical place to automate these basic files is
at the source. (See items 5 and 6.) Clearly we
are remiss if we do not obtain a machine-readable
record as a byproduct of the original cataloging
operation,

There are several ways in which this might be
done. Any or all of them could be applied. We
cannot suggest. strongly enough that some one of
these excellent techniques be applied immediately,
posthaste. A punched paper tape could be readily
obtained as the byproduct of any of the early key-
driven operations whereby a catalog card is pro-
duced. Severalcommercial newspapersare obtain-
ing a punched paper tape as a byproduct of the
story copy produced by the staff reporter. During
the editing process the hard-copy sheet is marked
up. The editor’s marks are then encoded and a
subsequent computer run merges the editor's
marks, corrections, and deletions with the previ-
ously punched paper tape. The resulting undated
copy is then sent directly to +he printer. With the
availability of machines such as those discussed in
the paper on output printing, characters for type-
setting control can be interspersed autownatically
by computer and a catalog card can resnlt. Ifsuch
machines are available, there is nothing to hinder
this process now—others are doing it; the equip-
ment exists; libraries merely are not benefiting.
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Adopting such a process could result in savings of
both cost and time for libraries.

On the other hand, the typewriters used by the
catalogers could be obtained with the Farrington
Selfchek font and the preparation process could be
continued just as it is .ow. Then, once a catalog
card had been completely prepared, the eard itself
could be optically scanned and a “magic” type-
setter used to produce the cards. This process
would also offer economy, speed, and efficiency.
The machines exist now; nothing is stopping us
except ourselves and, perhaps, the funds,

If either of the above techniques were to be
adopted, the magnitude of the unreadable National
Union Catalog would remain constant. As it is,
the catalog now stands at about 14 million cards
and is increasing by approximately 1 percent every
year. Although 1 percent does not seem to be ex-
cessive, a §-year accumulation of new acquisitions
is 700,000 catalog cards! So much for what can
do to reduce our burden in the tuture. But what
of the burden we have now?

File Errors, Editing, and Conversion

Files may be classified as recirculating or refer-
ence. A recirculating file experiences 100 percent
activity in a reasonably short time. An example
of such would be an insurance file, whLich recir-
culates either on the month, quarter, half, or year.

The National Union Catalog is a reference file.
The activity in a reference file is so low that only
a small portion of it is ever referenced. Since the
activity on a reference file is low, the file usually
grows monotonically. It isnever purged. On the
other hand, a recirculating file is purged fre-
quently, at least once every cycle,

Another interesting distinction can be made be-
tween files on the basis of their accuracy. A clean
file is a collection of entries, each of which was
precisely correct at the time of its inclusion in the
file. On the other hand, a dirty file is a file that
contains a significant portion of errors. A recir-
clating file is purged and cleansed as it cycles—a
utility-company billing file is of this nature.
After the file “settles down,” the proportion of
errors imbedded in the file is a function of the new
activity applied to the file. The error rate is nor-
inalized with vespect to the business cycle.

In o large reference file, errors are something
merely to be contended with. Systematic errors
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usually are worked out, but random errors are
trivial inconsistencics that usually are never cor-
rected. In addition, a Inrge veference file mder-
gues evolutionary changes apace with the need and
the requirements for such a file. New specifica-
tions are veflected almost immediately m the new
activity. The overseers of such a file have every
intention of bringing all of the previous entries
up to the new standard, but often these intentions
are never translated into action.

Before libvavians picture the National Union
Catalog and feel sorry for themselves, they shounld
note that others have similar problems. Law en-
forcement files are also noncirculating reference
files. They grow monotonically from information
that was incomplete and possibly incorrect ini-
tially. Furthermore, there is no good way to purge
such files, since men do not, as their last act,
process a purging transaction against their own
entry.

Federal census files are also of this ilk. While
the census does get a new lease on life every 10
years, these files are only statistically accurate;
their individual entries are subject to error since
they are not verified with the individual involved.
An important factor determines, to a great, extent,
the cleanliness of a file. If no feedback is pro-
vided to the appropriate individual, or if the ap-
propriate individual does not care, a file is inclined
to be error prone. In the case of the National
Union Catalog, if the preliminary catalog card
does not carry the cataloger’s initials before it is
finally typeset, the feedback path hasnot been coin-
pleted and the file is error prone. Multiple checix-
ing, verifying (the same operation repeated by a
different person), redundancy, and proofreading
are all excellent clerical techniques to reduce
errors, but they do not eliminate them. It is esti-
mated that the National Union Catalog contains
a significant amount of errors, as high as 5 percent.

As a springboard for discussion let us assume
that computer editing could locate three errors
out of every five and flag them for correction. The
problem of coping with the remaining 2 percent
(overall) errors is not purely academic; 2 percent
of this catalog is approximately 250,000 entries.
We must ask ourselves if this is too nnich error to
tolerate and, if the answer is yes, how much we
ave willing to spend to purge it. As indicated be-
low, this greatly affects our conversion technique.

The initinl conversion of o large file is one of the
most underestimated automnation tusks. If one is
automating n file that does not vecirculate and
clonnse itself, there is no way of knowing the
initial state of the file without performing a pilot
study with a statistically meaningful sample.
Agnin and again, our military counterparts under-
estimate the magnitude of the job. This is invari-
ably the cause for n major change in scope, consid-
erably more work on the part of the contractor,
and perhaps additional contract negotiations over
money. As mentioned before, without feedback,
there is no way for a file to cleanse itself.

To be sure, all of the people who handle our
present, nanual files are well-motivated, loyal em-
ployees. But they do make mistakes and, in some
cases, our most senior people are not assigned file
maintenance tasks.

The errors in our present files can be classified
into two categories: filing errors, where manual
interfiling is incorrectly done; and source errors,
where one or more fields in the data entry itself
are incorrect. Of course, the two types of errors
are not completely independent but for the pur-
poses of this discussion can be considered so.

While filing errors are a great handicap in a
manual system, such errors can be automatically
recognized and corrected once the file has been
mechanized. In computer parlance, a program
would “sequence check” the file. If an out-of-
sequence condition were to occur, the suspected
entry and the entries immediately preceding and
succeeding it would be printed for human review.
Eventually all out-of-sequence errors would be
corrected and only source errors would remain.

Source errors may be eliminated in either of
two ways. Throrgh the mechanism of feedback,
the catalog card itself can be checked by a knowl-
edgeable individual, different from the one who
made up the card initially, and errors thus located
and eliminated. The second person may be either
the author of the work cataloged, another cata-
loger, or both.

The other technique for catching errors in the
source documents themselves is to have a highly
motivated person study the file long enough to
become intimately acquainted with it, and then, in
the course of the study, point out any discrepancies
as apparent errors. To perform this second task,
rules defining the formats must be rvigorously de-



scribed. These rules would define each entry type
and all of the allowable field combinations within
each entry type. Given n complete set of defini-
tions an individual can carefully peruse the file
and flag any unusual occurrenees for further
study.

Manua! Conversion Techniques

The most popular means for manually convert-
ing a clean fileis the keypunch. Ifa file isalready
clean, this purity should be retained during the
conversion operation. This is usually accom-
plished in the following way. An analyst devises
a card form and describes in detail the rules for
its use. Clerks (usually female) are trained in
the use of an electromechanicul device called a key-
punch. This device, manufactured by IBM, oper-
ates in the following way. It hasa supply of un-
punched cards having space for 80 columns. In
response to key stroke. the cards are fed from the
hopper across the bed of the machine and into the
stacker. As they pass a punching station, the
operator visually reads from the hard copy and
records the characters she has just read with key
strokes; these key strokes are transmitted electro-
mechanically to a set of punch dies which picree
holes in the card,

The normal keypunch has 47 separate key
strokes, which result in 47 discrete unambiguouns
hole combinations in the card. A special device
can be ordered, at a slight additional cost, that
raises the allowable number of combinations to
64. The number of characters in the basic char-
acter set is of little importance to us, since, in the
original design of the input-card form, a mode-
change character that is used to select a different
character set from the normal can be specified. By
a sequence of mode-change characters, as many
charactor sets, type fonts, or alphabets as are re-
quired may be had. This is merely an adaptation
of the mode-change character commonly found in
teletype communications; however, since the ad-
vent of the computer, more generality can be at-
tached to this simple idea.

The character set initially specified is the nat-
ural character set of the keypunch. That speci-
fication remains intact until a new specification
(immediately following a mode-change character)
is set. In the following rather simple way, a cata-
log card could be eusily punched: start with a
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mode-change charncter that set. the mode to bold-
face alphabetic; following this wonld come the
author’s nnme; following the trailing pnnctuation
would be n mode-change character that specified
the mode ag numeric; the author’s year of birth
would follow; whenever this line was complete, un
end-of-the-line symbol would establish the format
for the title line; and so on down the card, with
the chunges of font, capitalization, intervening
punctnation, throngh the end of the recorded in-
formation. If the ~urd were multilingnal (e.g.
Russian-English), n mode-change character would
merely indicate this fuct and the punching could
continue in Cyrillic or any other alphabet.

The keypunching operation proceeds until a
clerk has completed a batch of sonrce cards.
When this has ocenrred, the bateh of source cards
and the resulting deck of punched cards are trans-
mitted to a second operator {different from the
first) who utilizes a similar machine called a veri-
fier, The verifier has a physical appearance sim-
ilar to the keypunch,

During the verifying operation the operator
depresses keys as before, but instead of the keys
controlling piercing dies, they control a pattern
of sensing pins. If the pattern of holes already
punched in the card matches the pattern of sens-
ing pins, that one character is considered veri-
fied. The card is then advanced to the next card
column. If the pattern of pins and the pattern
of holes do not, agree, an alert is set, that must be
cleared by manual action. In this manner, the
cleanliness of the original file can be retained.

It is estimated that three 80-column punched
cards would be required to hold the information
contained on a single catnlog card. It is usually
assumed that a punched and verified card costs
10 cents. The three punched cards that contain
the same information as 1 card from the National
Union Catalog would cost 30 cents. By this
means, the first 10 million NUC cards would cost
$3 million to transcribe from their present form
into a machine-readable form. This sum includes
the cost of the card stock, the rental of the ma-
chines, the salaries of the clerks and their super-
visors, and the overhead for this task force.

It is interesting to note that a byproduct of the
punching and verifying operation is the editorial
review described above. Ieypunch operators
can become extremely familiar with the basic
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structure of the file and are quite adept at flagging
apparent errors for further study.

A common alternative manual technique sub-
stitutes rolls of paper tape for the separate
punched cards. If the verifying operation is not
required, then a device similar to an electric type-
writer is used.® This device produces both a hard
copy and a roll of perforated paper tape. The
same encoding schemes described above still ap-
ply; holes are perforated in the paper tape in
response to the operator’s key strokes, The visual
listing is used for dynamic visual verifying by the
same operator who performs the key strokes.
The quality of the check is good, though not as
good as if a second operator had performed the.
verification.

Punched paper tape verifiers have been used,
but they have difficulty, as one might surmise,
when an error is found during the verifying oper-
ation. Unless automatic repunching (with a sec-
ond punch attached) is used, the only choice the
operator has is to null out the field in error and
process a cleanup transaction later. This is due
to the serial media—the tape following the error
is already perforated and the error cannot be
easily corrected where it stands. If the file is not
clean enough to warrant verification by a second
operator, the paper-tape system is excellent since
it provides a hard-copy byproduct for visual veri-
fication as the tape perforation is taking place.

Both of these schemes have the advantage that
a well-trained clerk is required to read the source
documents, word by word, and stroke the keys,
character by character. It is this detailed opera-
tion that provides a person with the intimate con-
tact necessary to recognize and flag apparent
errors in the source data.

Avutomatic Conversion Techniques

Another conversion technique is optical scan-
ning, a rather new technique that is just begin-
ning to have extensive use. The majority of the
successes with optical scanning are credited to
Farrington Electronics, Inc., of Alexandria, Vir-
ginia. They have constructed 100 machines that
will scan 1 or 2 lines from a card or many lines
from a typewritten page. At the present time

P Three such commerclal devices are : the common teletype with
punch attachment, the Flexowrlter, and the Dura Mach 10.
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these machines nre constrmcted with a single
character set of 64 characters. To increase the
probability of a successful read, Farrington rec-
ommends that its customers use a special type
font known as Selfchek. This type font can be
had for almost all electric typewriters and, in
addition to being rather easily read by the opti-
cal readers, is pleasing to the eye. At the present
time the document handlers for Farrington’s
standard line of equipment accept either punched-
card-size documents or page-size documents.
There is nothing in the scheme that prohibits the
handling of catalog cards, although this would be
a special order.

For the purposes of converting the National
Union Catalog to magnetic tape, these devices
have two limitations as they are presently con-
stituted. They have only one character set, and
they are devised as completely off-line devices.
That is, there is no provision for editing (as the
girl at the keypunch performs it) in the basic
devices. It does appear as though these devices
could be expanded to handle more than 64 char-
acters, but this would be a special development.
Since Farrington does not have, at present, a
multifont optical scanner in production, and since
really leavy use of these devices is still in the
future, some assumptions were necessary in order
that a ball-park figure for the mechanical conver-
sion could be devised. .

After these assumptions were made, one con-
cludes that present state-of-the-art optical equip-
ment could process a catalog card for about 3 cents.
For the purpose of deriving a rough estimate, say
that the National Union Catalog has about 10 mil-
lion cards to be converted and that only 90 per-
cent of these cards could be processed optically.
Conversion for these 9 million cards would cost
3 cents a card, or $270,000. A million cards would
remain to be keypunched. At our estimate of
30 cents a card for keypunching, this would
amouat to $300,000. Thus a 10-million-card cata-
log could be converted for $570,000.

To avoid the real possibility of being quoted
out of context, the assumptions in the above costs
must be stated. It was assumed that 90 percent
of the National Union Catalog could be read by
an extended optical page scanner. It was assumed
that some other editing technique would be
judged sufficient to perform the detailed scrutiny



discussed nbove. It was also assumed that the
opticul devices would run 20 homrs per day with
little additional muintenunce and that the remain-
ing 10 percent of the card catalog would be key-
punched and verified.

It should be remembered that no techniques cun
be recommended uat this time since the task to be
accomplished has not yet been defined. Further,
it should be remembered that we are not recom-
mending these techmiqnes; they are merely
described in terms of presently availuble hard-
ware ns o guide to your thinking.

Semiautomatic Conversion by Stenotypy

An additional technique, sometimes mentioned,
involves the use of stenographic recorders, sinilar
to those used by court reporters, aud an optical
scanner to read the tapes into the computer. The
stenotypist would record abbreviations on the
stenotape of what she visually read. A computer
would vread this tape optically and, during the in-
put reading process, enter into a large dictionary
of abbreviations in order to retrieve the full nat-
ural-language spelling for the abbreviated word.
The abbreviation would be replaced by the full
word before the information was stored in the file.

If a data file is extremely redundant (such as a
natural-language text) then the stenotyping tech-
nique cuts the number of key strokes required by
as much as two-thirds. This technique can be
three times faster than normal key stroking with
resultant savings. The National Union Catalog
contains a minimum amount of redundancy.
Whenever numbers are involved, there is little or
no redundancy ; the same holds true for names and
most titles. Thus, while the stenotype technique
would be appropriate for the conversion of files of
text, it is not especially attractive for catalog card
conversion,

We have three techniques for converting a file to
machine-readable form. They are: 1) keypunch
and verify with manual serutiny, at a cost of 30
cents per catalog card; 2) retype with punched
paper tape and visual hard-copy editing by the
sine operator, at a cost of approximately 15 cents
per catalog card; 3) optical scanning, with limited
multifont capability with no mauual operation
and no checking, at a cost of approximately 6 cents
percard. Clearly the optical scanning shows great
promise and should be investigated in detail.
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Computer Editing of the Converted File

After the file has been converted to machine-
reacluble forn, the work in producing a usable in-
dex file has just begun. While much of the work
lies before us, most of the really hard labor is past.
The file now resides in a machine-manipulatable
form, probably vii:metic tape. Through a series
of computer pucies, this magnetic tape will be re-
peatadly manipulated and a final index file will
result. The first operation performed is a field-by-
field edit of each file entry to determine if the datu
received by the computer adheres to the limitations
set down in the data description for that field.
This first, and most primitive, edit puss might per-
form, for exuniple, a check to see that only alpha-
betic information plus limited punctuation ap-
peared in the field called author’s name.!'® In a
similar manuner the location of the document field
would be edited for legal locations. This type of
edit wonld be classified as a “chay..ter-set edit by
field definition,”

Usually mcre than one computer program is
reqitived to edit a file, These programs are pro-
gressive «n nature. The file is repeatedly processed
by the sequence of progressive computer programs
until it has attained a sufficient degree of polish.
After the ervors found in the first edit pass are
removed from the file, another edit pass is made
over the file and, through the use of context, illegal
combinations of entries are located and flagged for
elimination. As the computer analysts gain more
familiarity with the file, they devise more sophis-
ticated editing teclhiniques so that the more subtle
errors can be located and found. An example of
a more sophisticated editing question is ‘he vela-
tionship of the publication date of the doecnment
and the year of the author’s birth.

As a byproduct of the above edit passes, blank
ficlds will be located and flagged for manual action.
This flagging would cousist of printing out the
entry identification, its location in the file, and a
description of the omission. After subsequent
manual action, a transaction would be posted
against the file either to complete the entry or to
fill the void with a recognizable null character.
Each entry will be polished.until it meets at least
the minimum applicable edit criteria.

10 There are cxceptions to this which every librarfan will recog-
nize, but which need not concern us here.
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As was mentioned previously, no specifications
oxist for how errov free a catalog file should be,
nor do we have any indications as to how much
money we are willing to pay for the information
in a mechanized catalog file. One example will
suffice to show the problem involved. It is tradi-
tional that the entry for a personal author usually
has a birth date and, if he is deceased, o year of
demise. A trivial computer program could read
the file and list all of the authors for whom date
of birth was not known. Research librarians
could determine the date of birth of all of these
individuals or flag the computer that this was an
author entry which did not require year of birth,
so that the appropriate notation, either way, could
be made in the file. As a byproduct of this post-
ing transaction, the research librarian could con-
tribute any dates about deceased individuals he
found conveniently available,

In a subsequent computer run, the computer
could print out the names of all authors with no
date of death and who would now be more than
100 years old. The task before the research li-
brarian is clear. Again, more dates are processed
to the file. After repeated iterations of this
process, the file would be relatively clean regard-
ing the period in which the author lived. All
that remains then is to establish a technique
whereby an author notifies the Library of Con-
gress as he breathes his last breath: theun the file
could always be current.

We chose this data field for an example because
of the frivolity involved in such a venture. In
these days of limited resources, our money can be
better spent. The case for indexing in depth is
not quite as clear cut. The computer could be
asked to list all of the entries that do not possess
at least five keywords. As the catalogers went
through this huge printout, some entries would be
noted for additional indexing and rework. Others
would be flagged complete as they stood. Over
and over the process could continue until the avail-
able resources for this purpose were expended.

These are but two examples to indicate the way
a computer might be used to edit for discrepancies
between the data field and its description, or for
omissions from the file. Other contextual editing
programs could attack the problems of identical
names, near-names (two spellings so close that this
may be the same author or title), duplicate entries
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or volumes missing from a series. The list is un-
ending. The cost is magnificent.

File Changes, Additions, and Deletions

Before any conversion operation is contem-
plated, the system designers must face the prob-
lem of the transition period. How are changes,
additions, and deletions to be handled? Using
two optical scanners (described above), the Na-
tional Union Catalog could be converted in ap-
proximately a calendar year of three-shift opera-
tion. Durving that time, however, 120,000 new
catalog cards would have been received and posted
to the file. Changes are not really as difficult o
problem for a mechanized file as one might antic-
ipate. Ome merely makes a copy of every trans-
action posted to the manual file, starting on the
day the conversion operation is initiated. The
extra copy is stored in chronological order in a
separate collection of changes, additions, and dele-
tions,

After the main file is converted, the subfile of
changes, additions, and deletions is also converted.
The subfile is sorted to the same orc..r as the master
file and a simple update operation, similar to that
used in maintaining payroll files, takes place.
The new transaction takes precedence over the old,
and a completely new, updated master file is ob-
tained. The same update operation will be re-
quired after the mechanized system is operational.
The first day’s transactions pick up all the changes
to date. From this time on the file cycles nor-
mally.

An incomplete entry is replaced by a complete
entry. An erroneous entry is replaced by a com-
pletely new, correct entry. A previously nonexist-
ent entry is added to the tape file. If, for some
reason, a card not to be replaced by a new, cor-
rected card is removed from the catalog, then the
card removed is sent to the subfile. It is processed
as a straight deletion with a separate transaction
code.

The problem of changes, additions, and deletions
is not a significant one with an automated file.
The administrative procedures are rigorously en-
forced so that all of the modifications are captured
in the change file. The appropriate changes are
reflected in the file in one overnight operation
before the file becomes operational.
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The Master File

Earlier we implied that all of the information
on the National Union Catalog card might be
converted to magnetic tape. To be completely
clear, the following was meant.: whenever a bold-
face was encountered, this would be recorded
magnatically. The number of lines and the length
of each line would be recorded. The number of
separate type fonts and those words utilizing them
also would be recorded. The file wonld contain
information as to what words had been in bold-
face, Cyrillic, italics, etc. The entire file would
be converted, and the information from the entire
file would be available, Then if it ever becaine
necessary, phototypesetting devices could be com-
puter driven and the original catalog cards re-
produced. Obviously, if console displays did not
require all of the format information available, a
lesser entry could be output.

All of the information from the initial input
would be retained in one master entry until the
aforementioned edit operations were completed.
‘When the time came for the automatic library to
begin to function, the file would be split, All of
the information concerning the format and type
fonts on tue original catalog card would be placed
in a subfile, Of the remaining information, some
would be placed in an aunthor file and sequenced
on author’s name. In the case of multiple anthors
the same title would appear more than once. In
a similar manner, a title file would be split off and
kept in sort by title. Lastly, a subject file might
be kept in some special search order similar to
that given in the appendix to this paper.

Special index files would be maintained by au-
thor and title to allow Jirect selections if the
requester knew the identity of the document. In
addition, one or more index files would be kept for
searching. In each case, an entry woul 1 probably
not be complete without a reference to the mas’ »r
file. Itshould be noted that the master file is never
searched but is only used as the object of a selection
operation,

Compression and Packing of Files

One axiom of the computer field states that you
can always trade time for space. Nowhere is this
more true than in the area of file design. Kach
modern digital computer has some natural unit
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of information. In some machines this is called
a character and the machine naturally handles
6 bits at a time. In other machines this is called
u word, and the machine naturally handles either
36 or 48 bits at o time. Machines operate their
fastest. when a file is designed so that the individual
information fields are contained in one or more of
these natural lengths. If one of the fields in an
entry were “number of authors” and provision
were made for holding 16 or less authors, this
could be handled in the most expeditious fashion by
placing it in a full computer word. If we assumed
for the purposes of discussion that a computer
word were 36 bits in lengtl, then there would be a
waste of 32 bit positions if a full word were
awarded this purpose. In other cases the waste
may not, be so spectacular, The extent of com-
pression possible nsually hovers around 50 per-
cent : an unpacked file is almost twice the length of
a packed one!

Most file designers consider putting several short
fields together in one computer word to gain effi-
cient utilization of storage, It should be noted
that although the storage is efficiently utilized
additional computer time is required for the un-
packing of these fields before use. Many compu-
ters have special instructions in their repertory
to facilitate the packing and unpacking operations.

For very large files, such as the National Union
Catalog, second-order packing is frequently done.
As a prerequisite to second-order packing, the
file designer needs to be extremely conversant with
each of the data fields in an entry. IHe makes use,
wlherever possible, of some phenomenon peculiar
to a data field. This is easiest to appreciate when
numeric fields are considered, Consider, for ex-
ample, the year of an author’s birth.:2

The form we normally associate with year of
birth is a 4-digit. decimal number, the first digit of
which usually is a 1. If these 4 digits werg held
internally in a 6-bit binary coded format, then 24
bit positions would be required to store the year
of the author’s birth. Likewise, 24 bit positions
would be required to store the year of his expira-
tion, or 48 bit positions would be required for the

4 Packing {s the process of combining short data fields into one
computer word so as to use the complete computer word most
cfficiently.

12 Before going into this subjcct in further detall, the distine-
tlon between the content of a fleld and the visual form usually
ascribed to that ficld should be kept in mind.
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total. If the years were converted to 4-bit code,
then 16 bits would be required for each of the two
fields and 32 bits for the two dutes, a saving of 16
bits or 33 percent !

If, instead of any binary coded notation, the
year of the author’s birth were converted to pure
binary, then 11 binary bits would be sufficient to
hold a date less than 2,048. The two fields could
be held in 22 bits, a further saving of 10 bit
positions.

If, in addition to the foregoing, some base year
were specified arbitrarily, the year of the author’s
birth could be considered as an increment added
to this base year. . If the year 1000 were chosen
as the base year, then any author born after the
year 1000 could have his birth date expressed in
terms of an increment to be added to 1000, such
that the resulting sum would be the year of his
birth. No man to date would have an increment
greater than 963; therefore, 10 bits would suffice
to hold the increment. In addition, since authors
seldom live more than 100 years, the second field
can be redefined as age-at-death. Seven bits would
suffice for holding it, or a total of 17 bits would be
required.

Thus we see that if we held 2 full decimal dates
in 6-bit Bop (binary coded decimal), 48 bits
would be required to store the information about
the year of an author’s birth and the year of his
death, By adopting a suitable convention (the
base year 1000) and an appropriate pair of

definitions—the first field contains an increment

such that the year of birth is obtained by adding
the first field to the base year, and the second field
contains agé at death—we cun reduce the number
of binary positions required from 48 to 17. A
similar phenomenon can apply in the case of
alphabetic information.

It must be clearly understood that what we are
discussing is how the information is held in stornge
private to the computer. Whenever information
is required on a printout, on a reconstituted catalog

._.card, or on a donsole display, it will be displayed

as it now appears on the catalog card: a 4-digit
decimal number for both the year of the author’s
birth and his death.

' Nondeteriorating Files

If, when working with hard-copy files, such as
a card catulog, an error is made in reading from

a

s

the card, the chances of the same error being made
in subsequent references are quite small. In work-
ing with a magnetic-tape file a different phenom-
enon is present. Magnetic tape files wear
slightly as they become used. Although a piece
of magnetic tape is good for many passes (in the
thousands), there is a possibility that in some in-
stance it will be improperly read. If this occurs
when an update operation is being performed and
a new file is being created from current informa-
tion, then the new file will be written in error and
all subsequent files will contain that same error.
In short, a magnetic file deteriorates with usage.

This is & limitation of magnetic media. Each
file is cumulative on the basis of all that has gone
before, and degeneration is possible. But, as in
many instances, recognizing the fault is half the
battle. Current state-of-the-art magnetic-tape de-
vices have built into them a series of checking

" cireuits that guard against improper reads. A

magnetic tape is checked as it is written, and if
the write operation is not correct an error is sig-
naled. These built-in circuitry checks are sufficient
for most instances where a recirculating self-purg-
ing is involved.

On the other hand, since a reference file does not
cleanse itself, reference files usually warrant spe-
cial handling. The programming profession ac-
complishes this through programs which provide
checks in addition to the hardware checks already
available. These are called by various names, such
as check-sum, hash total, or Orthocount. They are,
in every case, techniques whereby the purity of the
file can be guarded through the use of a little extra
machine time and a little extra storage space.

A hash total works in the following way. Most
of our larger computers can consider alphabetic
information as data. These data are added up,
just as if they were numeric information, and a
meaningless total produced. Since the high-speed
electronics are very reliable, they should produce
the same meaningless number every time the same
data fields are summed. The transfer of informa-
tion within the computer and to and from the vari-
ous input/output units can be checked by recom-
puting this sum after every transmission and
checking agninst the previous total.

Some coinputers have special instructions built
into them to facilitate this check, whereas others
accomplish it through programming. The file
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designer considers the hash totals as a form of
built-in audit. Whenever the file is updated, the
hash totals are nlso updated. Whenever o tape is
read, the totals are reconstituted as an error check.
Whenever an error is found, the operation is re-
peated to determine if a random error has occurred.
If the information is erroneous, an alarm is
sounded and machine repair is scheduled. If in-
formation has been actually lost, then human
assistance is usually required to reconstitute the
file to its correct content. Through a combination
of hardware and programming the validity of
large reference files cu be maintained even though
the filz is subject to repeated usage.

Summary Remarks on File Lloading and
Searching

Files are the heart of any library system. The
shelflist is an inventory. The charging operation
is a sclieme for controlling that inventory. The
author and title files are merely indexes kept in a
specific order to facilitate selections. The subject
file is another index kept to allow expedited search-
ing. All of these combined form, in effect, one
huge master file, which has been split by consider-
ing the requirements for the job and how best it can
be organized for the tools and facilities available.

Any new system will similarly be designed for
the tools and equipment available. Although the
analysis techniques are the same, the end product
will, in fact, be quite different. But, there will
still be files. The files will be organized in somne
“efficient” manner. Efficiency will be required
since the cost of storage for the files will be a sig-
nificant part of the total systemn cost. Efficiency
can be defined only after careful consideration of
the requirements and the equipment available for
the task,

If conversion of library files is undertaken in the
near future, both magnetic disk and magnetic tape
will be used for file storage. The master files will
be kept. on magnetic tape. The active files will be
kept on both magnetic tape and disk. For opera-
tional information that will tolerate the delays
associated with batching, magnetic tape will be
used for its economy and efliciency. For informa-
tion subject tosclection, magnetic disk will be used.
For information subject to searching, either tape or
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disle will be used, depending on whether batching
can be tolerated. '

For information subject to searching, the actual
search will probably involve magnetic disk, since
the search may be initiated in the middle of the file.
The disk muy be loaded just for thissearch purpose
from magnetic tape. Thus, the disk may not be
permanently acdicated to a single use; this again
will be decided primarily on whether the delays of
batching can be tolerated. In either event, the
search speed, i.e. cost, efliciency, and throughput,
is a linear function of the length of the average
record for any particular hardware configuration.
One important method for reducing the record
length is the split-file concept (as noted, this has
further advantages if the same information is held
in multiple orders). Additional efficiency may be
obtained by packing the file ns densely as possible.
This will conserve space and reduce the average
entry length still further Many computers can be
programmed to pack the requests and search the
packed file, i.e. only wnpack an entry after it is
judged a “hit.”

An attempt has been made to point out the costs
and trauma involved in the initial loading of such
a master catalog file. The existing file must be
mechanically converted to a machine-readable
form. This conversion alone will cost from 6 to 30
cents per catalog card. The file must then be edited
and corrected, a procedure accomplished partially
by machine; however, the cost of preparing the
manual corrections will be significant. A change
or update procedure must be established so that
the file is not obsolete after the conversion is com-
plete. The uses of the file will determine how it is
finally structured, split, and packed. After the
file design is complete, audit trails and check sums
can be added to stanch any deterioration that might
occur through extended usage.

A Plan of Action for Librarians

In closing it seems appropriate to suggest how
to proceed.

1. Immediately adopt one of the existing tech-
niques and automate the catalog cards at
thesource. Ifthiswere done inconjunction
with automatic typesetting, an economy
over present operations might result. In
either event, the size of the file to be con-
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verted would not be increasing and the
mutual learning that must precede any
large ~.utomation endeavor could be started.

2. A study should be undertaken to determine
how accurate index files must be. First, de-
velop some definitions; then develop &
threshold measure of error by field to deter-
mine the minimum acceptable quality ; and
finally, establish a trade-off function of
quality vs. cost, so that we may see what
purity costs and judge how much of our
limited resources should be placed here.

3. After the definitions noted in the preced-
ing paragraphs are available, a statistically
significant sample of the existing file should
be taken, converted, and cleaned up. Metic-
ulous records should be kept so that the
error content of the entire file, e.g. the Na-
tional Union Catalog, can be estimated. As
this is being performed, cost records should
be kept so that benchmark costs for key-
punching (the method probably used for
the sample) are available as a byproduct.

4. The library community should be stimu-
lated to debate, in publication and open
forum, the requirements for the master cat-
alog file. In particular, the community
should be encouraged to discuss, and even-

tually agree on, the following: “Resolv
the present catalog card contains inforn
tion deemed unnecessary in an automat
system for reasons of economy. These ite
are. . . .” Some of the topics to be d
cussed are the myriad type sizes, fonts, a
faces that have been used on catalog carc

o

Having benchmark cost data available, 1

quirements clearly in mind, and a measu

of file purity, then overtures should be mac
to manufacturers of scanning equipment {
obtain an estimate of the portion of the di
velopment costs for special multifont scair.
ners that the library community will be ex
pected to bear (if any).

6. Not until the above steps have been com
pleted can costs, budgets, and schedules b
intelligently discussed.

First, we require a measure of the task to b
accomplished. Then, we need to assay the tools
available, If additional tools are required, their
development cost must be determined, and the li-
brary community can be expected to bear the por-
tion (if any) that is directly attributable to any re-
quirements unique to them. Then, given a defini-
tion of the task and the tools, we may speak of
budgets, schedules, and contingencies.
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APPENDIX

A File Organization to Facilitate
the Searching of Index Files

The Concept of ‘Index Files

Index files are ordered collections of entries that
describe a store of information. It is well known
that the cost of disk storage for an information
retrieval systém is one of the largest component
costs involved. Various schemes have been offered
to reduce the storage space required to store a file
of given size. * Such methods involve reducing the
length ofthe average entry.

Entries are made up of keys and respondents.
The key is the set of fields on which requests will be
honoi:d. Theresponding field (s) will either sup-
ply the information to answer a search question,
or will supply the location where such information
can be found. Index files are ordered on the fields
of the key to simplify both reference and
maintenance.

With the above definitions, we can use the
instance of a library as a clarifying example. The
materials on the shelves of the library constitute
the store of information; the card catalog is the
index file. Two types of requests are honored:
selections and searches. Index files are ke t in
some order or sequence. If a requester supplies
unambiguous precise information for the fields on
which the file is ordered, a selection may be made.
For example, if the card file is kept in alphabetical
order on main entry (e.g. author or title) and if a
requester supplies the exact title, a direct selection
may be made and the index information (the
whereabouts of the boolt) obtained.

If the history of retrieval requests shows a
strong statistical bias toward one or two key fields,
then the file is usunlly kept on both of these fields
to facilitate selections. For example, in the
library the card catalog (index file) is usunlly
maintained alphabetically by both author and sub-
ject to allow direct. selections on both of these two
categories. In an automated system, the above
functions would be served by maintaining n muster
fite (shelflist) on a ronserial stornge medinm

(disk). The author subfile would be composed of
a simpla entry which would contain the author’s
name and the location of the full entry in the
master file. The subfile would be kept in alpha-
betical sequence on the author’s name. A request
would be processed by selecting from the subfile
the location numbers associated with any author
whose name matched the name given in the re-
quest. The master file would then be referenced
on the location numbers found, and the complete
entries obtained. These would be “near hits.”
The near hits would then be processed against any
other criteria supplied with the request and the
“hits” output as the response.

In a similar manner, a title entry would be kept
which consisted of only the title and the location
in the master file where the complete entry could
be found. The near hits would be selected, any
additional criteria applied, and the hits output as a
request response.

The split-file technique outlined below can be
shown to involve the minimum storage capacity
and also to offer extremely high-speed response to
a retrieval request.

Other techniques are required when the requests
do not statistically segregate themselves into a few
popular classes. If the file is indexed in depth,
then the file would need to be retained in many
orders if only direct selections were to be allowed.
At some point this becomes uneconomical, and a
second type of tramsaction, called a search,
is required.

Search File Criteria

The design criteria for a search file are twofold.
First, the total storage is to be minimized. This
calls for the average entry length to be minimized.
With a senrch file this begets sophisticated pro-
gramming techniques which utilize variable-
length fields and entries. In addition. the felds
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themselves are encoded and packed to evenly load
the computer main frame and the input-output
units, Clear-cut criteria have been developed that,
define efliciency-of-search in terus of average entry
length and component utilization.

A seeond important criterion for seareh files is
the file organization. File organization is a ge-
neric term that depicts how each field within a file
relates to other fields within the file and what that
relationship is. Competing file organizations are

where n stands for the number of codes
associated with o specific document or re-
quest. The number of codes is not arbi-
trarily limited by the following procedure,
but is left to the discretion of the reference
analyst.

. Let L(p) be thelength of the b field in bits.

. Let L (c) be the length of the ¢ field in bits,

5. Let Np be the number of documents in the

= o

. . L . collection.

judged on the basis of minimizing search time - . .

while holding storage voluine constant. The tech- 6. glet’ Nc be the number of descriptors in the
esaurus.

nique outlined below shows how to minimize seareh
time. It also reduces storage by use of extensive
packing and variable-length handling,

First, it must be observed that the file must be
cataloged by a competent person or an adequate
machine process. The result of this operaton will
be a series of descriptors (keywords, added en-
tries). The descriptors will be encoded into some
dense numeric character set (probably binary
numbers). The length of the binary field will
be fixed. It will be set to the next power of 2
greater than the number of deseriptors in the
thesaurus (i.e. authority file) the cataloger uses
during the ecataloging operation.

For example, a thesaurus might eontain 10,000
terms. A fixed binary field of 14 bits would suf-
fice to encode this thesaurus. The ercoding
would be applied to the entire file as it was con-
structed. When searching, requests would be sim-
ilarly encoded prior to the search. (Note that tha
total volume of bits of a coordinate file is signifi-
cantly less than the volume of bits required to store
an inverted file. This is simmply because the length
of the field required to hold the document nwnber
is greater than the length required to hold the
descriptor.)

Definitions

Definitions of the factors used are given in the
following list.

1. Let the letter p stand for the Document
reference number in the master index file,

2. Let the letter c stand for the descriptor
Code associated with either a document or

a request. If more than one code exists,

let these be designated by subseripts, i.e.

Cr9 G2y Gy« v+ Cu

7. Let N¢ be the average number of descrip-
tors per document.

The Coordinate vs. the Inverted Index

A practical case gives {(p)>1(c), which states
that there are more docwments in the collection
than descriptors in the thesaurus. Also W¢ is
greater thau one.

If an entry consisted of a key and a reference
to the master index file, then the average length

of a coordinate entry in bits would be:

L(p) +Nc(l(c)).

The total number of bits for the entire index
would be:

NplL(D) +Fc(L ()]

Similarly the number of bits in an entry of an
inverted file would be:

(o+8L) (g o,

The total number of bits in an inverted index
would be:

e [9, (c)+(L'f)\,(c“J) (l(n»]'
Thus an inverted file is always lavger than a co-
ordinate file. The additional® bits required are

given by:

NpXe(l (0)—L(c)) +Nol (€)—pl (D).

O
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For example, a collection of 10 million documents
and 10,000 descriptors whose depth of indexing
averaged 8 descriptors per document would have:
1. L(p)=24 bits
2. L{(c)=14 bits

3. Np =10X10° documents
4, N¢ =10,000 descriptors
5. N¢ =8 descriptors/document (average)

The volume of a coordinate index file would be:
1.36X10°, The volume of an inverted index file
would be: 1.92X10°, The difference would be:
56X 10,

Thus a coordinate file has smaller volume than
an inverted file. If the coordinate file is orga-
nized as outlined below, the search criteria are
well formed. The irrelevant material may
be easily skipped, so that only the relevant mate-
rial is searched. Also, a clear-cut criterion exists
for terminating the search, that bypasses subse-
quent irrelevant material.

Assumptions

The following assumptions are made.

1. It is assumed that the file is compressed
throngh the elimination of nonsignificant
“3T0S.

2. 1t is assumed that all entries are allowed
to be variable length through the use of a
word count associated with the entry
header:

3. It is assumed that a simple, single level of
search is vequired and that all of the de-
seriptor codes associated with a document
are weighted equally as to importance, (A
following section will show the extensions
required to velease these two restrictions.)

The Search Index File

It is proposed that the search index file be
kept in a special way, The contents of each
variable-length record will be b, the related
C1y Cuy Cyy + » . Cuy plus control fields as required. It
should be noted that there will be only one record
per document (e.g. coordinate entry file), This
record will contain only pertinent information
about a document: master file reference number
and descriptors. Thus, only o and ¢, through ¢,
are kept,

ob
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Within a record, the ¢, through ¢, terms will be
kept as fixed-length data elements in ascending
sequence, low to high, i.e.

Cy <Cg <Cg. . .<Cn

(Note that equal codes have no meaning.)

The records within the file will be sequenced on
the string of c¢’s considering them as a single
varible-length key. The key is considered a lef?
justified number. Where blanks exist, these must
sort low to numbers.

An example: if p number 4002 had the follow-
ing descriptor codes associated with it: 567, 234,
123, 345, it would have the following format before
it was posted to the file.

‘Cz,ca Cy

4002 123 245 567

After the above document was posted to the file,
the file would look like:

D C) Ca Ca C4
1000 123
9000 123 234
7000 123 234 345
4000 123 234 343 567
4001 123 234 345 567
4002 123 234 345 567
3053 742 999
0123 846 978 1235
8421 847 1341
9766 954

As can be seen above, the codes are ordered low
to high within a variable-length key. The records
of the file are sequenced on » (the document refer-
ence number) within the key.

The Request

The request will enter the computer and be re-
formatted. The descriptors will be encoded into
a dense binary set. Then, the descriptors asso-
cinted with a vequest will be ordered low to high
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and left justified. For example, if the 821st ve-
quester requested all documents that had the fol-
lowing three codes: 978, 846, 1236, it would be
stored in the following format :

RID
Request| [N Cy Ca
number

321 846 978 1236

The formats, of course, would be variable length
also.

The Search

Note that, (n) batch size is limited only by pri-
mary memory available; (b) whenever a request
is completely processed, it will be eliminated from
further consideration, thereby speeding up the re-
maining processing; (c¢) when each retrieval
transaction is completed, no repeated handling is
required; and (d) after the search, the p numbers
for the near hits are used to select the full index
entry from the master file. If a sophisticated proc-
essing routine is used, a figure of merit can accom-
pany the printout of hits.

Each request is formatted as depicted in the pre-
vious section. Search is initiated by locating the
first entry in an area of interest. The monotone
ordering of the codes within the key makes this
possible. (Monotone is used here to mean that
the series of code numbers is irreversible. Thus
each descriptor code number can be equal to, or
greater than, the code number immediately pre-
ceding but not less than it.) When the area of in-
terest is located, the search is started in earnest.

Each request is compared against the entry from
the file in the following manner. The entry is
read into working stornge. If any code from the
request falls within the range ¢, to o, of the en-
try, a compare subroutine is entered. The sub-
routine handles the detail comparing, the level
associations, and computes & figure of merit. If
the figure of merit is above some arbitrary thresh-
old, the p and key (containing the descriptor
codes) are stored as n near hit. An entry is held
in memory until all of the requests in the batch

o7

havoe been processed aguinst it, then the next cylin-
dev of information is obtained from the disk.

1t the file contains 10 million documents and if
buffered operation is assumed at 900,000 bits/sec./
chanuel, tho process shauld proceed at full read
speed until a hit is found. With four channels, a
search of a tenth of the file would take 38 seconds.
A batch of approximately 100 could be allowed
without, increasing the search time.

The scan subroutines will contain a test to elim-
inate each request from the batch when it has been
completely processed. This will decrease the load
on the computer and assure that the process, in
the end at least, is limited by input rate. When a
request. is eliminated, the request and certain sta-
tistics concerning the hits will be retained for out-
put. These statistics vill be used to edit the
volume of output and for management reports.

After all requests have been eliminated from
the batch (the index file has not necessarily been
completely passed), the hits are sorted. The new
sequence is reference number within fizure of
merit within the request number. If the request
itself has been awarded a fictitious p number of
zero, then the final order is the request followed
by the hits. Afier the sort, the master index file is
entered on reference number, further processing
is performed on near hits, and, finally, the hits
are output.

Possible Extensions of the Search Technique

If differential weights are assigned to the de-
seriptors so that the encoding carries the relative
importance of each descriptor code, this informa-
tion could be carried into the file by appending a
weight factor element to each descriptor element.
These wonld always occur in related pairs. Dur-
ing the ordering of the codes (such that ¢,<c.<
Cy .+ . . <Cp), the weights would be moved also.
Thus, if document 213240 discussed nozzles
(17385361) for missiles (1142716), the entry would
appear as:

AD [ W, C2 wa

213240 1142716 1 1735361 2
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In o similar manner if o requester wished to
specify that lie was interested in a document de-
scribed Ly o complex form of terms connected by
anp and ow, two control fields per terin would
be required. A relevance subroutine would uso
these weights in defermining the figure of merit.

Thus, mueh of the editing funetion of the refer-

735~-808 0—-G4——3
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enee analyst can be delegated to the machine, An
algorithm for pertinence ean be devised so that
only pertinent documents beeome near hits,  1f
weights are awarded to the codes (o refain mean-
ing, then a sophisticated algorithm ean be devised
so that the printed listing of hits contains only
topical documents,

Ui
69
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CONFERENCE SESSION I

Libraries and the “Uppercase Limitation”

VERNER W. CLAPP
Council on Library Resources, Inc.

I want to take advantage of my position as the
chairman for the day to say a word about the in-
terests of the Council on Library Resources in
this meeting and what may come out of it. We
are all aware of the rapidly developing interest
and activity in automation and mechanization in
libraries. The Council has supported the study
now underway at the Library of Congress, The
Navy Pier study has passed its first phase, and
a publication has been issued, which I am sure you
will find valuable. Mel Voigt at the University
of California, San Diego, has gone through one
phase of his serial record operation and is going
into hissecond. All around us there are evidences
of people who are either doing or who want to do
things in this area. Some perhaps are not quite
sure of the bast way to proceed.

This conference was suggested to provide an
opportunity to consider developments iu this area.
One of the principal benefits anticipated from this
meeting was the preparation of the state-of-the-
art papers. Se far, 1 am glad to say, everything
looks ns well as, or better than, was predicted.
The state-of-the-art papers are on a high order
of excellence and provide a basis for profitable dis-
cussion of next steps. I look forward to a stimu-
lating discussion in the next few days among li-
bravians who have actually had their hands in
mechanization operations, and librarians who have
not yet plunged in but who wre anxious to plunge
in, and technical people who will gnide us to the
facts. T am sure that these discussions will be
effective in defining profitable areas for future con-
sideration, as well as in educating us all generally
as to the critevia that must be applied to any opera-
tion of this kind.

1 am one of those who, back in the thirties,.
looked at . equipment and fancied that it
certainly ought to be put to library work., We
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were fascinated by the great speed of that equip-
ment at that time; this was its great attractiveness
to us. How little we knew of speed in those
good old days! What impressed us was the ability
to do clerical operations such as sorting and print-
ing. What bothered us, however, was the font
of type which was available. So we used to travel
up to New York every so often, and visit Thomas
B. Watson in his oflice, and we would say to him,
“Mr. Watson, we know you’re interested in library
work, we know what you've been doing out there
at Montelair, New Jersey. Won't you please make
us a machine that will print upper and lowercase?
Then we can really do some useful things in bib-
liography.” Then Mr. Watson would lean back in
his chair and look benevolent, as indeed he was,
and he would say, “Well, you boys know that I'm
interested in library work, I'll see what we can do.”
Then we’d go away feeling warm around the
cockles of our hearts, and think we would get a
printer in the next couple of weeks that would
print upper and lowercase. Ilow naive we were!
We did not realize that it would have cost Inter-
national Business Machines a couple of million
dollars just to develop this one machine for us, We
thought it was just a matter of putting on a little
longer type bar with a few more characters
on if.

Well, this is “printout,” and I ought not to be
talking about printout at this session ; I mentioned
it. partly because this is the only occasion I will
ever have to mention it, but also to point out the
close relation between printout and file conversion
and storage. As long as Mr. Watson would only
give us a character font in capital letters there
could not be any gveat fervor to lond. If T may
say so, the whole picture of antomation in libra-
ries from the thirties right down to the present
date has been controlled by that nppercase limita-
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tion. The reason library files do not exist in
machine-readable form is that nobody wants to
go to the expense of converting files when the
output can only be printed in capital letters with-
out even decent punctuation. We stand today at
the point at which this whole situation may be
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completely changed.

At this point I want to turn the meeting over
to your discussion leader and to the authors of
the working papers. Unfortunately, one of the
authors of the working paper, Donald Black,
could not be here.

File Conversion: Prefatory Comments

I. ALBERT WARHEIT

International Business Machines Corp.

IR vs. Processing Applications

I am not going to repeat the technical material
in the paper by Black and Patrick but I am go-
ing to try to elicit from you some discussion about
the librarian’s problem in getting started in this
area. We should perhaps consider this question
first: Do we want automation or not? One
could rush in and automate everything, includ-
ing the things that do not need automation.

Almost all of the conference papers emphasize
the information retrieval aspect of automation.
However, in the academic libraries, the libraries
that many of you represent, I rather think that
you are not really hurting very much in the in-
formation retrieval area. Of comrse in special
libraries, where the researclier may need highly
technical material, information retrieval tech-
niques may be applied profitably. But I gather
from talking to many libravians that processing
problems and techniques are the primary concern.
In a way, these processing operations offer the
most promise for automation and present fewer
problems and more immediate payonts than a very
elaborate retrieval technique. If you begin with
processing then, after having learned the methods
of doing things and the capabilities of the equip-
ment, you will be better able to tackle the retrieval
problems. Furthermore, information retrieval, T
think, is concerned more with the question of in-
dexing rather than with machines, and 1 think
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the indexing question will be the one which will
cause the greater difficulty.

Two Approaches to Mechanization

There is a certain basic fear about undertaking
mechanization because it would involve, in some
areas, a radical change in the way things are
done. Librarians have been told not to go at this
thing piecemeal, They have been urged to think
of the consequences of each step, and to plan in
terms of a total system. Certainly an organiza-
tion like the Library of Congress, where changes
might affect library operations thronghout the
world, must weigh many factors before under-
taking any basic changes. We know of the long
struggles that go on over the slightest change in
descriptive cataloging, On the other hand, I have
seen another organization with a very difficult
retrieval problem literally frozen in fear for a pe-
riod of 10 years; it has studied and restudied the
problem but has never been able to start on a new
approach. It is sometimes quite impossible to
jump from a system that is a hundred years old
mto the jet age withont going through some evolu-
tionary process. If you try to make this hurdle
in one leap, so to speak, you will never take the
chance. We have to think in terms of priorities
and in ters of steps.

The problem of trying to work out the loading
and conversion of library files requires the determi-
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nation of desired goals and the steps that have to
be taken to reach those goals. There are at least
two basic appronches. We can start with what I
cull the “special uspects” in u library, rather than
the essentinl bibliographic record. There are
many operations in a library which could be mech-
anized. Verner Clapp mentioned Mel Voigt’s
serial project—this is a very good example.
There are basic library tools, for example, subject
heading lists, classification tables, and serial lists
which could be published, collated, and updated
automatically, There is the activity concerned
with the publication and distribution of catalog
cards from the Library of Congress. These are
operations which do not directly affect our ulti-
mnate retrieval problemn which involves, of course,
the total bibliographic record. There is a great
deal that can be done in these smaller areas.

There may be a lot said about printing at this
meeting, and I do not want to get too much in-
volved, but T must mention in passing that many
sinall and special libraries ave getting started by
using the computer as a printing device for pro-
ducing their catalog cards. If this is done, bib-
liographic information is being captured for free.
If a library can produce its catalog cards and at
the same time get. a machine-readable record, then
it is getting the machineable record literally for
nothing, There are other benefits in this print-
ing approach. I have seen operations where the
card is not only produced by computer, but the
mnning heads are also put on in order; that is,
the tracings are entered. Then the cards are
sorted in sequence so that the filer does not have
to go through a sorting operation before the cards
can be filed into the catalog.

What I want to emphasize is that the initial
input problem can be tackled, and, hopefully, if
the system is properly designed, mechanization
can actunlly be cheaper than present methods.
Black and Patrick point out again and again in
their paper that the captnring of the bibliographic
record is the easiest, thing to do; it may even save
mouey, but more nmportant, it will produce the
record that you must have later on. The problem
will not just be one of hardwave; the librarian
will have to ask the question: Are there sufficient
records i the file to enable me to make use of a
computer? Even if you have the best system in
the world, if you deluy loading, it will take a long

time before there will be a sufficient amount of
machine-readable material for your system to be
worthwhile. T believe that Patrick indicated in
the paper that there is a 12 percent growth in the
National Union Catalog per year; this adds up to
a tremendous amount in a few years’ time. The
longer librarians delay in making this initial deci-
sion, the more difficult the tusk will be. The small
start will also give one the benefit of experience.

The “Large File” Problem

Today most of the work in information retrieval
has been done with the small file—10,000, 100,000,
500,000 entries, and so on. Some of the systems
that are being designed today for the large library
are mere extrapolations of these small systems,
and quite frankly (at least I feel this very
strongly) they are going to become uneconomical.
Pumping all this material through is going to
slow down the operation to the point. where people
will not put up with it.

People are just now beginning to think very
seriously about how to approach the very large
file. Again, Black and Patrick have covered as-
pects of this, It is not just a library problem;

there are many large files both in government and

in business. We are rapidly developing a lot of
experience with the 10-million and the 50-million
record file, and this is a problem which will prob-
ably be solved during the next few years, The
hardware for it is being developed; the hardware
available today is not really adequate. Patrick
says we need about 14 billion bits for the National
Union Catalog. That is about 214 billion charac-
ters, and our present random access files are about
56 million characters. Nevertheless, I feel that
the hardware will be here long before libravians
are ready to use it.

The question was raised last night about the
queuing problem, but I mn less concerned with
this. I look at an airline reservation system that
has 1,200 consoles with @ 2-minute response time.
A lot of money 1s spent for this, and 1 do not know
whether libraries can afford it or not, but the
queuing problem will probably be solvable, at
least, if yon have the money for it. The programs
for handling multiple access are being developed.

In other words, the hardware, the software, and,
as someone once said, the “crunchie-ware,” will be
here long before the files are put together, The
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veal question is: When are we going to start and
what are we going to do? This does not mean
that you are not going to question the hardware
capabilities. This is very important, and I think
pressure on such areas as output printing and
programming languages is very necessuary.

Aspects of File Conversion

The capturing of new information iu machine-
readable forn, then, is very promising and librar-
ians can move ahead here with a fair degree of
confidence. As to the convevsion of older mate-
rial, I am not nearly as sanguine about it as the
authors have been. They may have used the Na-
tional Union Catalog just by way of illustration,
but when I looked at that catalog with respect to
converting by photoscanning the cards, I had the
reverse impression. I estimated that 10 percent
might be scanned, and 90 percent would have to
be keypunched. I was concerned not only with
the type fonts, but also with the clarity of the
printing on the card—the broken character, the
smudge, the legibility of the handwriting, etc.
Having seen present-day optical scanning opera-
tions and realizing the controls that have to be
exercised to get error-free output, I am not really
quite as hopeful as some of the optical scanning
enthusiasts might be. This is a personal observa-
tion, but I do think the problems encountered in
conversion have to be considered.

I started ont by saying that I felt the academic
libraries were not really hurting so much on the re-
trieval side. Actually, if you were to take trays
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of catalog cards, put them into the computer, and
use the machine as a reading and printing device,
I do not believe the results would be worth much.
Unless you use the manipulative power of the com-
puter by deeper indexing, you will not retrieve
much more than you would by going to the guide
card and finding the entry directly under the sub-
ject heading. For retrieval purposes, existing
tools will do the job in many respects as efficiently
as a computer, except for the output printing. It
is only when deeper indexing and manipulative
techniques are applied that more will be extracted.

I am not frightened by the conversion problem,
because I do not know how much you librarians
will want to convert. This is a question that
should, however, be considered from the librarian’s
point of view; you should know first what you
want to convert and how far you want to go in con-
verting. The science librarian has an easier prob-
lem, since his material has a half-life of 5, 10, or 20
years, depending on the discipline in which he is
working; in many areas he can ignore the conver-
sion problem. The academic research library
cannot,

I want you to be aware that capturing the
bibliographic information is not just for the pur-
pose of alleviating in-house processing work; it
will also provide outputs that can be used in many
ways. Consider, for example, that the printing of
book catalogs, the announcement of new serial
titles, and so on, will be greatly speeded up if one
starts with current materials.

The meeting is now open for discussion.

General Discussion

Hervieer: We had General Electric help us in
the first phase of our study, and they analyzed our
costs in great detail. We were alarmed at the size
of our filing costs and at the cost of the prolifer-
ation of departmental libraries. As a result of
that we becane convinced that we should have
completely centralized library services with
printed catalogs that could be distributed widely
around the campus. We think that the elimina-
tion of both the filing costs and the duplication

3%

costs in setting up branch libraries could more
than justify this computer-based system.
Warnzrr: Yes, this approach to mechanization
has made some librarians honest for the first time
in the area of economics. At the Atomic Energy
Commission Library I microfihned material ~-d
gave it away rather than circulate it. Several li-
brarians spoke in horror of spending 25 to 50 cents
to microfiim and reproduce material to throw
away. So I asked them what their circulation
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costs were, and so often I was told that they were
practically nothing, but when you really looked
it was about a dollar. This can be an opportunity
for you librarians to take a hard lonk at what you
are paying now. What are your filing costs?
How much time do your catalogers spend in get-
ting up and walking to the file and sorting through
the entries, recording data, then walking back to
the desk and re-recording it and eorrelating it with
thebook at hand? What is all thigcosting? These
are very real questions that we haven’t faced up to;
all we can see is that that computer costs so much
rental per hour!

Minper: I would like to ask the librarians what
they do wlien they can’t get LC cards? I under-
stand they use an ordinary typewriter which I
don’t think has over 64 characters. We don’t
bother with Linotype machines; we accept what’s
available from the typewriters when we can’t get
LC cards, and there are no complaints at my
institution.

I’d like to comment about the value of consid-
ering the L.C proofsheets*® as a starting point,
The LC proof is a tool which we use in our cata-
loging. Tf it is complete, we accept it as it is;
if we want to modify it, we do so. But it is a
temporary tool, If LC proof were available in
machine-readable form, we could use it as received
or improve it as time goes on without any perma-
nent harm to the system.

Tavupe: At meetings like this we invariably get
a standoff between the machine man who says:
“You tell me what you want, and I will do it,”
and the librarian who says, “Tell me what your
machines can do, and I will see if they fit.” Now
Patrick has said that he believes he could program
the rules for filing or the rules for descriptive
cataloging in a dictionary catalog. Now he can’t
do the latter because there is no agreement on
what the latter are. In other words, the library
profession, since the appearance of the ALA re-
vision, has not agreed on it ~ataloging rules. Now
I would put this question to the libvarians here.
Let us suppose that there could be a machine pro-
gram for any agreed-upon rules, regardless of their

13 The Lc proofsheet is the final galley sheet run off just belore
the individual catalog cards are printed. There are generally
five cards per sheet; the cost is 4 cents per sheet or $60 a year
for all the proofsheets. The proofsheets are issued fn very broad
classes, e.g, technology, literature and language, etc.; entrles on
the sheets are random. Many research libraries subseribe to this
service as 2 mean of keeping abreast with new publications.

Co

complexity. Would this influence the librarians
after 15 years to come to some agreement as to
what the descriptive cataloging rules should be?

Errswonrit: I would like to say that the reason
we librarians have so much trouble about costs is
of course partly our own lack of ability, but in
part because the problem is truly an elusive one.

With respect to the problem we are talking
about today, we librarians cannot always decide
how much of the problem has anything to do with
machines at all, and how much of it has to do
with organization and use of talent. So instead
of trying to tell you nonlibrary experts why we
hurt, I think we should try harder to tell you
how we hurt.

If we can find cataloging information for mate-
rials that we have ncquired and if we could batch
the two without spending a lot of time doing so,
i.e. identifying the book we have, getting it to-
gether with the catalog information, et cetera,
then I think most of us would feel tolerably com-
fortable about the costs involved in getting our
catalog made from that point on.

But that isn’t what hurts us now; what hurts
us is that we are acquiring all kinds of mate-
rials that we don’t have any way of idantifying.

It costs us a dollar or two even to write and find

out whether the Library of Congress has a card
for each item. We have difficulty because we don’t
know how to organize the personnel that catalogs
material in unusual languages. This problem
probably has nothing to do with hardware, and
yet it is a problem that many of us are worried
about., We are buying books in uncommon lan-
guages, from Indonesia and so on. We can’t pos-
sibly assemble enough people either in our acqui-
sitions or cataloging departments to handle
materials printed in these languages. Nor have
we yet found a way of solving this problem in a
way that we really know to be sensible—namely
by putting it on a fully centralized basis. We
know that we ought to do this, but we haven’t been
able to figure out a way of doing it satisfactorily.
From this point of view the problem would seem
to be a governmental problem more than a machine
problem. It wouldn’t matter if the information
were available in *he National Union Catalog,
either compiled by hand or by machine, becanse
if we couldn’t identify in our library the book that
came fromn Japan or Pakistan, we would spend a
lot of money trying to match these things up.
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Now there was n time when the Library of Con-
gres was working on a project called cataloging-
in-source, which if carried to its ultimate conclu-
sion might have helped to solve this problem for
us.

What I an trying to say is that we librarians
are really not very mmuch interested in how the
Library of Congress handles this automation prob-
lem if, at the same time, it will solve the specific
kind of problem that I have been talking about.

Wansterr: Mechanization is going to help in
this aren because now you must have a single, es-
sentially a main entry, identification. In the com-
puter it makes no difference if you have multiple
approaches, and this can help mn identifying the
material in hand, because you don’t have to deter-
mine the main entry; there can be several ap-
proaches to enable one to find the material.

Erisworru: If itis in alanguage that you don’t
know anything about, none of this does you any
good.

Warneir: Actually, you do have certain in-
formation. It is true that sometimes a book does
wander in with no record at all, but more often
than not you ordered it. You started with some
piece of information that can be latched cn to. I
don’t think it is quite as terrible as you picture,
but maybe I'm minimizing the problem.

NeaL: I know of a company that decides about
every 4 years that they will get a computer. In
order to convert their operations, they go through
a complete systems study and make necessary re-
visions, perhaps in their management, or in their
reporting structure, or in the processing of mate-
rials.  When they do this, then they turn around
and cancel the computer, I'm not really sure
whether the library would need a computer or not.
~ Warnerr: Sometimes the main benefit from try-
ing to set up a computer system is the fact that you
set up a system and you clean up a lot of your
problems.

Howe: At the risk of being simplemjnded, I'd
like to say that I'In not sure you need a computer.
In my library we decided that we didn’t need all
the information that is usually ou a catalog card;
we are putting one line of informmation per title on
a punched card. We have 25,000 titles that are
actually operating under IBM circulation control
now, and we have an additional 165,000 titles on
IBM cards which we can convert to our civeulation
control. We didn’t approach just oie process; we
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integrated the library routines from an adminis-
trative point of view. We do our registration,
statistics, circulation control, ordering, cost ac-
counting, and all kinds of use studies with data
processing cquipment, This is just in a little town
of 80,000 people, with one central library, two
branches, and two bookmobiles,

At the end of our fiscal year I took the six major
routines that we do and computed that they cost
$1.50 per hour per procedure on the basis of an
8-hour day. By procedure I mean that registra-
tion costs us $1.50 per hour. And what system do
we have? Just the series 50 with the good old
402, an 082 sorter, a collator, and two keypunchers.
T'm not sure you need computers.

Warnerr: I feel this limited approach is fine
at certain levels of operation, but when we tallk of
a national problem and of the very large research
library with collections in the millions, I don’
think that we can afford this compromise. True,
this compromise will do a tremendous amount for
you and it is effective, cheap, and exceedingly use-
ful. Would you care to. muke some comments
about this, Dr. Richmond ?

Rrcumoxp: I am using the one-line entry for
about 23.000 books out of 50,000 as an adjunct to
the main catalog. For what I'm using it for, which
is to take the catalog to the professor’s office, it is
all right. But if T were using it for more catalog-
ing production, the entries would simply not be
full enough; they are abbreviated much too mnuch.
I am having terrible filing problems. I just can’t
get enough out of one line,

Warnerr: In one of our facilities we have this
one-line book catalog, and it’s wonderful. Every-
one has access to it, and it has opened up areas for
library services that were not available befcre.
But let’s face it, it is a very definite compromise in
terms of bibliographic control.

Axcrry: If T could have the privilege of post-
editing these remarks I would venture to describe
what we are doing when we construct a catalog
card. We are writing a formalized text wlich is
the description of a document. What we put on
this card enables libraries to respond to two basic
kinds of questions that are asked of the sture.
First, the reader wants to see a book whose exist-
ence is known to himn and enough of its objectively
deterninable and recordable features so that he
can specify it within a tolerable range of ambigu-
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ity. The second is the reader who wants a docu-
ment thiat we have and that would be useful to him

" if he knew of its existence. For this we provide

aggregations of bibliographical description.

Now whether this is done in the future on 3 by 5
cards, or paper stock, or with whatever kinds of
marks, it seems to me that this function of the
entry will have to be available to libraries. It
geems to me that, as & generalization, the first re-
spouse thit we want to muke to the second kind of
question, the subject or category, is a display of
descriptions. We do not waut to display the text
immediately. We don’t want to be able to push a
button and have all of the biographies of Napoleon
come down the chute. We want to be able to dis-
play descriptions, so that th user can make a selec-
tion. He is the only one who can do so.

Dupester: I think it can be stated this way:
primarily the catalog serves as a finding tool; this
is true whether tl.e catalog is in a card form or in
a book form. The traditional dictionary catalog,
on the descriptive cataloging side, brings the works
of an author together and the editions of a work
together. On the subject side it identifies works
on a given subject and works related to that sub-
ject. Rules are developed because they serve these
functions of the card file. When you have a book
catalog in a fixed sequential array that cannot be
modified except by a new edition, you do not really
try to serve the function of identifying all the
works of an anthor and all the forms of the work.
Unless you have a book subject catalog which is in
a highly cumulative series, you cannot list every-
thing yon have in the library on a particular sub-
ject and everything related to it. These two
functions are ideally served at the moment, within
the limitation of size and convenience, by the card
catalog. The book catalog does not really achieve
this in as eflicient a manner,

Crapp: Let me in my turn say what this little
piece of cardboard is. This little piece of card-
board is zwo things in one and this Is its great merit
and achievement. This is what constitutes it as
one of the prize bibliographical inventions of all
times. This card placss a book, & bibliographical
item, in a specific place among all the other biblio-
graphical items in the world, so that you can find
this item among all the others, all the millions, if
you s({i)np]y know the rules by which this card
was constructed. It does this not only in one

series but in a number of series: it does it by au-
thor; it does it by subject, usually several subjects;
it does it by title, by a formalized title (now so
formalized you can’t recognize the title page from
it, nnforcunately, but that doesn’t upset the prin-
ciple) ; and, finally, it sets the book on the shelf
in a classified order, mimong all the other books
that have ever been or ever will be printed. This
is a very fine achievement for that little wretched
pasteboard to do, but it goes further than this.
By being on this 3 by 5 pasteboard, it can now
find its way into the trays of every catalog of
every library in tlie world which has adopted this
standard, and this may be 95 percent of all the
libraries in the world, and this is a  retty fine
achievement. In these trays it will re<pond to the
various questions which are likely to arise as to
whether there is a bibliographical item, among
all the others in the world, which responds to the
following inquiries: Ts there one by this author?
Is there one on this subject? Is there one related
in a hierarchical classification to others before and
after? .

Berur: I would like to comment with respect
to cost. As Patrick indicated, it might cost 3 cents
to produce the card with present technology. This
is really very small in terms of the real cost of the
cataloging operation. The real cost is the intel-
lectual cost, and this is being duplicated in many
libraries throughout the country. I think that the
concept of printing catalog cards and making them
available to libraries throughout the country has
been a great achievement; I agree wholeheartedly
with Clapp. But let’s look to see if there are lim-
itations that automation might remove. As I look
at the present-card service I see two limitations.
One is the response time in getting this informa-
tion out to the library before it has already ordered
the book or is doing the descriptive cataloging.
The second is coverage; 40 to 60 percent is fairly
good coverage, but if we could have some method of
cooperative cataloging, this percentage would be
increased and the response time decreased, because
the firs* library to report with adequate descriptive
cataloging would in effect say, “All right, catalog-
ing has been done once; let’s quickly get the result
out to all the users and see that it isn’t done again.”
This can be done very cheaply, but it is the intel-
lectual costs that we should think about rather
than the 3 cents for printing out the card.
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MocCarriiy : I'd like to add & third benefit which
I think should come. 'This is the so called “write-
up” of the extra cards, the multiple typing of sub-
ject headings and secondary headings. It seems
to me that somehow we should get over this in the
machine age, and yet, unless I'm mistaken, we are
all doing it over and over again.

Warierr: I mentioned earlier u prograun which
does this job. The printing of the tracing on the
top of the card and the sorting into filing order
sequence is a real cost to the librarian. There are
a number of special libraries that have justified
their total mechanization on savings in this one
area.

Louxpy: May T contribute just a brief note of
information on McCarthy’s question as to why we
can’t get a machine to print in all the tracings and
the headings on top of the unit cards. My neigh-
bor, Ralph Parker in Missouri, is using a Flexo-
writer complex of three machines; he has suc-
ceeded in getting the Flexowriter to work under
direction from two punched tapes at once. One
tape has the text of the unit card which is pro-
duced by that machine and the other tape in-
structs the machine to print the headings. This
is all done automatically; I have watched this
machine at work. And so, prior to the installation
of a computer, apparently Parker has solved our
problem.

Patrick: IBM has had a machine for at least
10 yearsthat does this.

R. D. Rocrrs: Since we're back on this subject,
there are two or three things I'd like to add about
the card service. It hus been inferred that there
are old I.C cards that are not in priut. This was
true, but since we have started to use Ektalith, we
are now able to supply cards for anything that
we have in our master file. Secondly, you might
be interested, incidentally, in the production cost
per card; our Ektalith cards are costing around a
half cent a card; the regular printed cards cost
just over a cent a card, so it obviously is not the
cost of & piece of paper that is making it expensive
for youto get a set of cards.

Now with respect. to the overprinting of head-
ings: You know that we «re trying to encourage
wholesaling of catalog cards, and it is conceivable
that if this were to go forward in a big enough
way, it would be possible to supply sets of cards as
H. W. Wilson does, with the headings overprinted.
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I think ve would still have the problem, operating
without the kinds of machines that ure inferred
here, of getting the overprinting for the odd set
of cards that someone might want, say for a 1915
imprint.

Berun: There is an answer to McCarthy's

.desire to minimize the mannal retypings for trac-

ings at the remote library. Warheit mentioned the
7090 program and the Itek Crossfiler. On my last
trip to the L.C processing sectinn, I saw how they
put the tracings on for their own cards and they
do this with a Multigraph. Why aren’t these sets
mado available by printing technology and pro-
duction techniques for other libraries or is there
no demand for this kind of service?

R. D. Rocers : As you probably know, the IL. W.
Wilson Co. does sell cards with headings already
superimposed on them; these ars very popular in
certain libraries. I think some research libraries
do not necessarily want I.C headings. This would
be one problem. Also, to be perfectly frank,
it is all we can do at the moment to keep up with
the demand for LC cards. The increase is run-
ning 10 to 15 percent a year. We are now selling
over 45 million cards a year. Assomeone has said,
we are getting to the point where it is almost im-
possible for enough people to get their hands into
the trays to carry on this operation. Lots of peo-
ple who have looked at the Library of Congress
Card Division have said that this is a logical place
for automation. I don’t think that this is really
the sort of thing this conference is about, but none-
theless I think that nothing would be more im-
portant, in a pragmatic way, for the Library of
Congress to do than this. It might be possible for
us to produce cards with the headii.gs on them if
this is what libraries want. 1 don’t know that I
should go beyond that.

GuLL: I’d like to address a question to Patrick.
You have said in your paper that you have de-
veloped a unique file arrangement, which is given
in the appendix. I am surprised that no one his
brought. this up prior to this time. Would you
care to support that further?

Parrick: For the detailed material it would be
best if I talked to you outside this meeting. I'll
be glad even to flow chart it for you and show you
the benefits in either mathematical form or concep-
tional formm. The provision for search strategies
must be built into your original files, into your
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original input of your file. You must decide what
searches you will allow in order to have the input
data available when you wish to perform the
senrch. There ave many schemes for this, We
have found that present library files ave organized
so that the two kinds of searches that we like to do
are convenient; the file is organized by author-
title and by subject.

There are times, howeve  .lu you may want
to go into indexing in depth and hierarchieal forms
of indexing. You will need different search
formats from time to time, but these may not occur
sufficiently frequently to have an entire file for
each of the possible formats. Therefore, you are
always faced, eventually, with some search strategy
for which the file is not predominately organized;
a scheme for this situation is described in the ap-
pendix to our paper. I ean’t gnarantee that it is
unique, I have never seen it in print before, and
I developed it.

We have been talking, ather fashionably, and
otherwise, about justifying a computer. If yon
have a large enough problem, that is beyond the
80-column card, you need the variable-length for-
mats that modern computers supply. If you have
a computer like this, it is going to cost. from $200
to $600 per hour for every hour the power is up;
whether you buy it, beg it, or steal it, it is costing
somebody that. kind of money. Consequently, you
are concerned immediately with the efficient use
of this equipment, just as if you were running a
large manufacturing shop. The search strategy
in the appendix allows you to utilize the balance
of the computer so as to exploit, your resource effi-
ciently. I will go into this in more detail with
smaller groups.

Warneir: It is true that we have to identify
the elements that we want to search against; this
is the input side. Having done that, however, the
organization for efficient utilization of the equip-
ment will vary somewhat, and there ave, as Patvick
has indicated, various patterns of efficient orga-
nization. 1 have a scheme, too, and there ave
others who have schemes for their operntions. I
do think that we shouid be concerned with the
identification of the elements and how we arrange
then, shuflle them, and set them out for efficient
utilization when they are needed.

Dusesrer: T think it is relevant to relate what
Patrick said to an earlier questicn, posed by Dix,

~1

about getting the correct entry for the item in
hand,  Suppose that the file is so organized that
in the computer store there isan array of main en-
tries or unit entries—in other words, author, title,
imprint, collation, and so on. Given that situa-
tion, the necessary consequence is that somebody in
Dix's library will have to prepare a similar entry
from the book in hand and then search that store
to find the itemn thut matches it. Patrick suggests
another possibility. You have this aray in some
order, but for every item you have a unique identi-
fication number, an addressable number. You
have another file which contains just authors, and
for each author yon have addressable numbers.
You have avother file for titles, and another file
fov subjects. The person in Dix’s library can say,
“T have a book with this author and this title on
the title page.” The searcher does not go into the
main file but into some subfile to seek the common
identification number for the given author and
title, These files are searched and matched, the
main file is searched, and you come out with the
main entry. Yon didn’t give all the information
that is in the main entry, but you asked for specia!
searches to get cevtain combinations from what
Patrick describes as compacted files. The search
is not made in the whole file but. rather in partial
files which ave compacted for efiicient utilization
of machine time.

This is the problem of file organization and file
structure to make the most efficient search, and
it. does involve a prediction of search strategies in
terms of the potential demand. The point, how-
aver, to be emphasized here is that there are a va-
riety of files that can be generated when you have
an automated store; these are not necessarily the
files that. you have with a conventional card cata-
log. Many of the rules that we have developed
have been based on our work with the dictionavy
file. The type of catalog is a significant factor in
the development of the rules that are going to be
used by catalogers. You can include the dictior-
ary catalog in the automated store, but you can
also develop other files to serve different needs.

Warmr: T mentioned this morning that some
large files are pure extrupolations of the small
files. 'The more efficient files today ave being or-
ganized so thar there are a whole series of tracings
with only their addresses and there is a separate
total bibliographic file. You search whatever
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tracing you want to select, get the address or item
number, and then get the total printout from the
complete bibliographical file. Now ounce you have
these individual tracings and addresses in this
compacted lile, then you can arrange and nssemble
the file in any way you want to suit the efliciency
of the operation,

Loosvox: Is there o possibility that persons
working on the machine side can develop some
kind of code, with relatively few arbitrary sym-
bols, which could be applied with reasonable ac-
curacy to any piece of paper, book, document, or
mimeographed piece, and which would match cen-
trally with whatever system of coding and ar-
rangement wasused ¢ In other words, a hierarchy
of 10 or 12 symbols that might discriminate one
item from 10 million or 50 million ?

Warnerr: Unique identification is a very diffi-
cult problem. We have this, of course, in the iden-
tification of people; we have names, yon know, but
names aren’t too good, and so Internal Revenue is
now starting to use our social security numbers.

< In Sweden everyone is assigned a number at time

of birith. Unique identification is a very difficult
problem, and I don’t know that the machine peo-
ple would be the ones to answer that. Certainly
if LC were setting up, for instance, a coding sys-
tem for the I.C classification, the machine people
might try to persunde I.C to stop using mixed
notation. But I think the problem of unique iden-
tification is really a librarian’s problem; the re-
duction of that to a code would follow. I agree
that if a book came in with a machine-readable
code on it which could be put under a reading de-
vice and automatically matched np with the LC
card number, it wonld be fine. That is your cat-
aloging-in-source.

Rose: We have been discussing the National
Union Catalog; we have been discussing the Li-
brary of Congress; we have been discussing com-
puters; we have been discussing intergalactic com-
munication of card catalogs. I think that, how-
ever trite it may be, we ought to keep in mind that
there are intermediate steps that can be taken that
do not necessarily involve compnters, and that do
not necessarily involve cooperation with the Na-
tional Union Catalog. These intermediate steps
might be better solutions for some of the smaller
libravies or for some of the more specialized
libraries,
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Parrerc: Why aren’t you librarians already
doing it? That I don’t understand.

Wanugir: Many of the smaller libraries ure
starfing in this area.

Parnrox: But the electronic nccounting equip-
ment has been in the field for 20 years.

Warnerr: Yes, but librarians didn’t know how
to go about using it. I can speak for myself, be-
cause when I had ray equipment and tried to
work out problems the IBM salesman didn’t tell
me that they had a 101 machine, I, of course, had
no way of knowing about it, and therefore couldnn’t
and didn’t apply it. In other words, I couldn’t
communicate with them. Not until the phar-
maceutical industry began using the equipment
were my eyes opened to some of the potentialities.
I was being critical this morning because, quite
frankly, when I tried to use sonie of this old Eam
equipment it wouldn’t work. I couldn’ tell the
machine people what I had to do, and they didn’t
tell me the capabilities of their machines. Now
we have learned a great deal, and we are in the
process of applying these techuniques at a special,
restricted level. But again you have the human
inertin problem, and there is the serious problem
of educating people about machine possibilities.

Srarks: I think part of the problem is that as
librarians we have not recognized the tools that we
have for what they are. This is what has held up
our use of the machine. We haven’t been able to
interpret our needs in the proper terms.

Parrick: Tt looks as if we have been sn busy do-
ing the work that we haven’t looked to see what
we are doing. As was said last evening, if you can
define it as a clerical or formal operation, then you
can mechanize it. But you haven’t defined it as a
formal operation.

Epyunpson: As a member of the survey team
studying the operations of the Library of Con-
@ress, I can tell you that we went through the rou-
tine that was alluded to earlier—where the librar-
ians wanted to know what the machines would do
and we wanted to know what the library problems
really were. I would like to point out that the
cycle is much more complex. The problems can
be stated by librarians; the computer people can
respond; it turns out that the proper response is
not a simgle solution, but a set of alternatives, We
then found that a cost analysis was missing; we
had one made. The report of the survey will in-
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clude some of the results of this cost study of
certain Library of Congress operations. It is a
very involved study, and I regard it as one of the
most important pieces of work that was per-
formed. The numbers reported may not apply to
other liibraries, but the cost methodology can be
used to produce costs for individual library situa-
tions. I do believe that the ultimate decisions are
not going to be made by librarians, nor by com-
puter experts, nor by the cost people, but instead
by the administrators of the funds, who will act
upon the various alternatives in the light of the
cost.

Swangon: This is a slight non sequitur and I
apologize for my delayed reaction. This is i
reference to a slip of the tongue earlier this morn-
ing when Warleit said “millions” instead of “bil-
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lions.” It doesn’t scan too well, but here it is
anyway,

An IBM salesman named Ben
While pricing made a slip of the pen.
e sold library automation

For the whole bloomin’ nation

By dropping 17 factors of 10.

Wanrneir: We have broad shoulders. One more
point before we conclude—the real reason that the
librarian hasn’t defined his problem to the machine
people is because he has not tried to put his oper-
ation on the machine. The minute he starts put-
ting some specific operation on the machine, he
starts defining his problem; and he defines it very
well.  You can sit back and theorize and try to
define your problem, but you’re not going to do it
until you start getting your hands dirty.
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Automated Storage and Access of Bibliographic
Information for Libraries

RICHARD L. LIBBY
Itek Corp.

Introduction

The application of technology to the storage and
retrieval of information is an area that has re-
ceived much academic, industrial, and govern-
mental attention within the past two decades. The
most rapid and successful exploitation of tech-
nology has been in the handling of information
which is characterized by three attributes, First,
it has been primarily quantitative information.
Second, it has been information that could be seg-
mented and labeled with reasonable assurance
that the labeled segments would match its subse-
quent use. Third, the value, the time, and the
frequency of use of the stored, labeled, informa-
tion segments could be reasonably predicted.

The bibliographic material of libraries, the de-
scriptive material for library holdings, falls with-
in another class of information handling. It is
information that is not primarily quantitative in
nature. It is not easy to predict the value, nor the
frequency and time of use. It is, however, suscep-
tible to being segmented and labeled with reason-
able assurance that the labeled segments will match
subsequent use. But even this assumed suscepti-
bility, which has similarity with information with
which automation has had success, is suspect. It
can be cogently argued that use of bibliographic
material with subject, author, and title headings
as labels is a marriage of necessity. Indeed, li-
braries deal with information that is not readily
amenable to formalized prediction as to how it will
be used, how often it will be used, and how users
would like to ask abont it. In this sense, auto-
mation of bibliographic information is in that
class of information-handling problems that in-
cludes the storage and retrieval of management
decision-making information, certain . military

command and control information, intelligence
information, and so on. The common overall
characteristic of such information is that it is
expressed and described by the whole domain of
human language (including numerics).

It is sensible to ask now : Will the techniques and
the technology that have been so successfully
applied in the past be suitable for automated
handling of bibliographic information? It is also
pertinent to ask: What techniques and technology
in automated file storage and access appear
best tailored for application to the automa-
tion of bibliographic information? It is the pur-
pose of this paper to attempt an answer to such
questions. To do so requires that the exposition
range from the tntorial to the speculative with the
attendant risk of causing boredom on the one hand
and strong disagreement on the other. The lat-
ter is welcomed since selection of the proper course
for automation of bibliographic information is
most probably tantamount to selecting the proper
course for a future generation of information
processing.

The Measure of Information

Prior to consideration of either existing or fu-
ture automated file storage and access methods
and devices, it is worthwhile to discuss the termi-
nology of the trade. TFirst and foremost is the
quantitative measure of information. Measures of
information “value” have yet to be devised, but
the work of Hartley and Shannon has provided a
measure of the quantity of information. (For
papers by IHartley and Shannon see items 5 and
12,)* Just as nature found it desirable to meas-

3* This and slmlar references refer to ltems in the blbllography,
page 88.
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ure the intensity of n stimulus to our eyes or ears
by producing a nerve message response that varies
as the logarithm of the intensity of the stimulus,
so it was found that & logarithmic relationship was
useful in defining a unit quantity of information.
It may be recalled by the reader who does not fre-
quently use mathematics that the logarithm of a
quantity to the base 2 (log. @) has a value equal
to the number of times the integer “2” is used as a
factor in multiplying by itself until the product
equals the quantity (@). Thus the logarithm to
the base 2 of 4 is 2 since 4=2X2; of 16, four since
16=2X2X2X2 and so on. The information con-
tent of a symbol, a letter, or a word is simply equal
to the logarithm to the base 2 of the number of
equally possible choices one has in selecting
(blindly) the symbol, letter, or word from all pos-
sible symbols, letters, or words. The unit of infor-
mation is called a “bit.” For example, a single
isoluted letter of the nlphabet contains an informa-
tion content equal to the logarithm to the base 2
of 26 (log. 26), where 26 is of course the number of
equally possible choices availuble from the alpha-
bet. The logarithin of 26 is 4.7, hence one letter
(in isolation) has an information content of 4.7
bits.

If there is “noise” present, for example, the let-
ter is smundged, or if there are constraints (say one
had previously selected u ¢ then only a u could
occur uext), then the average information per
symbol drops. (See item 4.) TUnlike the situa-
tion in communication channels, one can usnally
assume that in data processing equipment the oc-
currence of an event (or recorded mark, a voltage
pulse, etc.) or the absence of occurrence of an
event (a recorded mark, a second level of voltage,
ete.) is detected with certainty. The machine ex-
pects either occurrence equally and hence in such
a case one bit of information is equal to one binary
digit.

The Machine-Readable Representation of In-
formation

Since an alphabet character “contains” 4.7 bits
of information for an “nnexpecting” machine,
then a sequence of  on-off or 2-state events (called
binary digits) would represent the 26 letters of
the alphabet plus 6 other symbols such as punctua-
tion symbols and space (2°=32). Indeed, early
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teletype systems used 5 positions (with a hole
punched or not punched) across the width of a
narrow paper tape to represent information. Itis
obvious that if upper and lowercase letters, nun-
bers, and special symbols ($, ¢, @, etc.) are to be
represented, then more than 5 “holes” or binary
digits (2-state events) in a group (also called
byte) are needed to have each group represent
say 80 plus such symbols. In this case, the b
“holes” would still be adequate provided the “shift
key symbol” or special operating byte technique
were used. IHere, one of the 32 bytes is specifically
prohibited from representing a character symbol
ad the equipment civeuits are provided to “recog-
nize” the occurrence of this byte and treat some
or all of the subsequent bytes as new characters
until the occurrence of the same or another special
byte occurs. Alternatively, if one is sure that cer-
tain symbols will never occur together in a se-
quence of information being processed (say “q ¢”
or “z @) then this sequence can be used for this
same operational function.

Obviously these techniques require special cir-
cuits in input/output mechanisms or greater infor-
mution storage space if they are frequently needed
to represent the stored information. There is
an increasing trend towards the use of 6, 7, and 8
binary digit bytes for handling alphabetical and
numerical data (frequently called alphanumeric
or alphameric). Although binary (1-state or 2-
level) representations of information within data
processors is most common, ternary (3-level) and
other multiple level representations are possible.
The binary representations within a machine can
be 2 levels of voltage, current, degree or polariza-
tion of magnetization, opacity of photographic
material, etc.  Whatever the imternal representa-
tion, the symbolic representation is usunally by
means of a “zero” (0) binary digit and a “one” (1)
binary digit. Various codings of symbols, char-
acters, and numbers are possible, using sequences
of zeros and ones. A discussion of these possibili-
ties is a topic in itself and outside the scope of this
paper.'* It should also be noted that other forms
of information including voiced and imaged mate-
rial ave frequently expressed in digital form. The
reader is 1eferred to a companion paper, “Library
Communications,” by Emling, Harris, and Me-
Mains for further information on this point.

18 See alniost any general reference manual on available data
processors.
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Human Information Processing Rates

Inasmuch as automated information storage and
access mechanisms ultimately must communicate
their information to human beings, it is pertinent
to consider the human information processing rates
involved.

It is important in man-machine system design
to engineer an appropriate match between equip-
ment performance (e.g. system throughput rate)
and human performance. In the case of human
heings there appears to be a more fundamental
limitation to the rate of conscious processing of
information than that imposed by their input in-
formation chunnel capacity (e.g. the visual field).
A number of experiments have been performed
that demonstrate a reasonable upper limit to the
lwuman brain’s conscious information processing
rate of about 25 bits of informaticn per second.
(See item 7.) Some investigators say that this
may be as high as 40 to 50 bits per second. (See
item11.) There isalso experimental evidence that
if the human being must perform associations be-
tween things (symbols, words, ete.) that human in-
formation processing rates approach an order of
one bit per second. The reader is reminded that
in the matter under discussion one bit of informa-
tion is not directly translatable into one binary
digit (as in the general computer case), For ex-
ample, because of the many constraints inherent
in language, of which the human being is well
aware, the individual alphabetical symbols in a
running text may convey to a reader an average
of a little over one bit of information, whereas a
computer circuit requires five binary digits to rec-
ognize the symbol.

The Technology of File Storage and Access

Most data processors currently in use are com-
putationally or processing centered in their design.
They consist of a central processing unit (cru)
which contains high-speed circuits (usually func-
tioning at 10,000 to 500,000 operations per second)
such as data and control word registers, timing
generators, operational control equipment, and in-
tracommunication switching mechanisms. Closely
connected with the central processing unit, which
adds, subtracts, multiples, and divides quantities
(including the addresses of required control and
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processing information), is a high-speed memovry
requiring on the order of 1 to 20 microseconds to
store or retrieve a computer word, Since small
toroids (cores) of ferromagnetic material threaded
with wires are usually used for this high-speed
memory, it is usually referved to as core memory.
Newer technology uses overlaid strips of thin film

. on an insulating base (substrate). Thishigh-speed

memory is generally from 2,000 to 32,000 computer
words in capacity.

A computer word generally varies from 6 to 8
bits in length, for computers that must deal with
information densely imbedded with alphabetical
and decimal digits, to 18- to 72-bit word sequences,
for scientifically oriented computers. The com-
puter word is normally, but not necessarily, an in-
tegral multiple of 6 bits, Computer words or
bytes frequently use 1 bit in the word-bit sequence
for a process called parity checking. This process
can detect a 1-bit error in the byte or word by use
of circuits that check whether the total number of
ones (or zeros) is an odd (or even) quantity. Any
deviation from a preset condition alerts the op-
erator and causes a “read agnin,” “write again,” or
“stop” operation depending in what process the
error is discovered.

The high-speed memory, in the large capacity
size, can hold about one million bits. Depending
on the processing being accomplished, a portion
of the memory capacity must be allocated to the
processing instructions (stored program), tables
of storage addresses of data that are to be proc-
essed, and vacant “dedicated space” in which new
results ean be inserted or “chaining” references
made between noncontiguously located but related
data. The largest of these memories, if fully al-
located to information, could contain the equiv-
alent of a 20,000-word book o1 perhaps 500 to 1,000
library cards. Because of their high access speed
these memories are expensive, about 50 cents per bit
of capacity. For this reason,inost data processors
are equipped with auxiliary raemories which store
information more cheaply and from which needed
information is brought into or returned from the
high-speed memory as nceded (or perhaps more
correctly, when expected to be of use). Since these
peripheral or auxiliary memories generally op-
erate at autonomous data speeds of recording and
reading out, they require special communication
channels which bufter or compensate for the differ-
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ence in internal computer rates and the auxiliary
memory data rates. Even in the cases where no
data-rate matching is needed, a channel for com-
municating read and write commands to the auxil-
inry memory is needed. Sometimes a time-shar-
ing switching arrangement is provided to allow
the central processor to service or utilize data flow
from several auxiliary memories on an apparently
simultaneous basis.

Figure 5 shows, in summary form, aspects of the
technology that is available for use in auxiliary
memories. The approximate purchase cost per bit
of storage for some of these techniques is plotted
in figure 6. These data include the cost of neces-
sary read-in and read-out equipment, but not the
central computer, and assume no manual handling
of the stored material (that is,change of tape reels,
disks, etc.) in order to achieve access to separately
stored information.

Computer technologists often speak of read-only
and read-write memories. Application of mag-
netic technology in most cases results in an ability
to record information, to erase all or portions of it,
and then to rewrite, at reading speeds, the same or
altered forms of the original information. Photo-
optical memory technology generally requires a re-
recording of stored information in order to change
it, although in some techniques under development
a write-over capability may be achieved at speeds
much slower than the read rate. Read-only
should not be automatically considered a deroga-

tory memory characterization since in many large
files the percentage of change of recorded informa-
tion is small over long periods of time (e.g. large
library catatogs). In such cases, combinations of
read-only, large-capacity memories with smaller
read-write memories as addenda files are a possible
solution to achicvement of the high-capacity, rapid
access features offered, for example, by the photo-
optical technology.

Fundamental Aspects of File Organization

We have seen how the conventional data proc-
essor is organized. It has a computing unit
(cru) and a high-speed memory to service its
data manipulation registers. Auxiliary memory
units supporting the ceu and its high-speed
mernory are connected to them by communication
switching devices and possibly data-rate buffering
memories. Before considering the applicability
of such technology to the automated storage and
access of library bibliographic information, it is
expedient to consider the fundamental constraints
that operate in the design of optimized files.

As long as man has stored material, certain guid-
ing principles have been inherent in the organiza-
tion of his system of storage. First and foremost,
those things, or analogously the items of informa-
tion in the case we are considering, that are used
(or predicted to be used) most often will be placed
in the most convenient place of facility for use.

Designation Recording material

Form of recorded information Status

Magnetic: Tape, drum,

Magnetizable coating on surface of

disk. plastic tape, metal cylinder, or disk.

Magnetic cores_______ Ferromagnetic material made
toroidal (ring) form.

in

Magnetic thin films___| Overlayed *“ribbons’* of electrically

tallic strips.

Photo-optical________. Silver halide photographic emnulsions._

Magnetic-optical ... __ Thin magnetizable optically refleci-
ing filin.

Thermoplastic_._____. Plastic tape—softened therinally

optical properties.

conducting and magnetizable me-

during write oprration by electron
bcam which distorts surface’s

Magnetization of regions of | Commercially available.
recording material,

Direction of magnetization in
toroid.

Magnetization of regions of

the thin filin strips.

Commercially available.

Recently commercially
available.

Opaque ‘and transparent re- | Operational, advanced

gions of film. development.
Polarization effect on reflected | Development.
light from magnetized filin
regions.
Distortion of surface of tape, | Devclopment.

causing “lens’’ effects.

Ficure 5.—Computer memory technologies.

74



E

1

-10,000
Approximate
storage

-1000 cost
in
cents
per
word

-100 (~ 30 bits)
¢/word

<10

N e | et | &
Magaetic Magnetic Magnetic Magnetic
tope disk drum corte
(single) {moltiple) (single) memorY

L10-6

r-1 03

-10-4 Approximate
cost tor
"look-up™

L 10-2

10 of rondomly
selected

’;1 0-% word

10t s

-1 j increosing

L 0

FIGURE G.—Storage cost for various memory technologies.

The cost of this convenient place, whether directly
in terms of money or indirectly in terms of causing
inefficiencies in some other competitive activity,
usually will be higher than a less convenient place.
Second, the cost of movenent of stored material to
a position of use increases with the volume of ma-
terial (information) moved, and the rapidity, loca-
tion dispersal, and distance of movement required.

These constraints are not novel; librarians con-
tinually live with them. They become particu-
larly acute, however, when the volume of informa-
tion stored begins to cause undue expense (time)
for patron or staff for access to descriptive itemns
(cards) or holdings (books, etc.). Similarly, the
definition of a convenient place for retrieval and
use may change, This is the decentralization or
branch library problem,

The designer of an electronic information proc-
essing system must face these same problems,
Magnetic core storage has proven to be tlie most
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conveuient storage place for data to be imminently
processed or frequently used in the computer
central processing unit. The larger memories of
this type are of the order of one million bits in
capacity and they can generally furnish to the
processing unit the equivalent of something a little
less than one average English language word ench
microsecond (one-millionth of a second). More
dramatically stated, they ean furnish on the order
of one million English words per second for exami-
nation, alteration, comparison, etc., to the process-
ing unit, although the latter may be able to do all
these things only at an average rate of one-half to
one-tenth this rate. The reason for this is that in
each operation, for example, a comnparison, two
things must be moved from memory to special reg-
isters to compare the items and certain operating
instructions also have to be retrieved from the
working memory. Reference to figure 6 reveals as
one would expect, that this “most convenient” stor-
age is the most expensive for the quiescent holding
of information even though it is least costly per
lookup operation. Thus electronic systems de-
signers are faced with the same problem as librar-
ians—how to match a set of facility features of
graded cost with the pattern of use of stored
information.

Life would indeed be siinple if one could cate-
gorize information to be stored in a library ac-
cording to inprint date, time intervals, classifica-
tion category, etc., and be reasonably assured that
a sharp difference in frequency of the use of items
in each category would occur. Unfortunately,
with few exceptions, such is not the cage. The
distribution of use of information contained in
segments of language, whether the segments ave
individual words or aggregates of words such as
journal articles and books, is characterized gen-
erally by infrequent use of many items whose
total use, however, is tar from negligible. Now if
convenience of access of stored items is not of
concern (either to a data processor or a library
patron), then requests can be accumnulated and
sorted (in computer parlance, batched und or-
dered) and access to the material can br eticiently
accomplished for the benefit of the oper:uting re-
trieval system, but unfortunately, not for- the bene-
fit of the user of the retrieval systemn, whather it
be a machine or a human being.

One of the most typical use-distributions of
language segments, familiar to linguists and work-
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ers on mechanical translation, is that of Zipf’s law.
(See item 15.) This states that if words of a lan-
guage are listed in order of their frequency of use
(or occurrence in large amounts of text) and are
given numbers (called rank, ») starting with one
for the most frequently used word (“the” in the
English language) and increasing in assigned
number as the nse of ench word becomes less fre-
quent, then the probability of the use (») or of the
occurrence of each word is related to the rank of
the word by the approximate relation:

0
0

V4

Figure 7 shows this relationship and figure &
illustrates its integral (the accumulative probabil-
ity) and clearly demonstrates that, although a few
words (of lowest rank) may account for 80 percent
of the word uses, many other words must be avail-
able, although each infrequently, to account for
the totality of English expression.

Similarly, librarians arve familiar with the phe-
nomenon described by Bradford’s law of scatter-
ing which deals with larger segments of language,
such as journals. (See item 14.) Here again, as
figure 9 illustrates, the situation is similar—a large
number of journals, each infrequently used, ac-
count for significant use.

One may inquire: Is this remaining fraction of
the total use of words, journals, etc., really signifi-
cant? Would it not be possible to cut off the stor-
age of words, journals, books, etc., at some value
of probability of use, e.g. for a given time period ?
The intuitive reaction of librarians against such
a proposal has possible foundations other than
experience. For example, information theory
shows that the unexpected or least probable events
carry the most information per event, éven though
information theory does not consider the value or
utility of a quantity of information,

Investigations have been conducted on patterns
of use of library material in order to determine
more economical matching of storage facilities
with frequency of use (regional repositories).
(See item 3.) Here again, with the possible ex-
ception of information in the cumulative sciences,
no sharp changes in frequency of use vs. imprint
date, ete., occur.

We can now see another problem of large li-
brary antomation emerging. Flow does one match
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automated memory technology with such distri
bution-of-use curves for file contents? Prior t«
further consideration of this matter it is appro
priate to review automated memories and their
gearch principles.

Automated Memories and Their Search Prin-
ciples

There are basically two types of memories (not
memory systems) categorized by the method used
in placing information in the memory and retriev-
ing it therefrom. The first of these are called
absolutely addressable or extrinsically-addressed
memortes. Memories in this category usually re-
quire the speecification of a numerical quantity,
but not necessarily, for each “searchable” dimen-
sion of the memory. The term “extrinsically-ad-
dressed” refers to the fact that the address to par-
ticular locations of the memory is not based on any
intrinsic or “contained property” of the informa-
tion stored in the memory. The second type of
memory is the content-addressable memory, also
referred to as the integrally-searched memory,
intrinsically-addressed memory, and the associa-
tive memory.

Prime examples of absolutely-addressable mem-
ories are the high-speed, magnetic-core memories
used with the central processing unit on most com-
puters. Most conventional magnetic tape, mag-
netic disk file, and magnetic drun storage units
which are used as auxiliary computer storage de-
vices fall in this category.

In each case, for this type of memory an instrue-
tion or command containing a “store” or “read-out”
order and a numerical address must be given by
the controlling device. In the case of the mag-
netic-core memories the instruction will contain a
nnmber which the memory cireuits interpret as 2
memory coordinate dimensions which locate a
stored computer word of fixed length anywhere
from 6 to 80 bits long which is stored parallel to
the third memory coordinate. The magnetic tape
requires the specification of a particular record
and file location along its length, and for the mag-
netic disks and drums specification of concentric
or circumferentially located information tracks
and angular sectors (segments of each track) is
necessary.
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The Content-Addressable Memory and Asso-
ciative Memories '

Information which is primarily expressed in
language form is most naturally described and
addressed in that form. This fact favors the use,
for library information handling, of memories
which are intrinsically or content addressable.
Addressing of a memory by specification of some
particular segment of the memory’s stored contents
would be of little advantage unless information
related or associated with this specified content
segment is also found. Accordingly, content-
addressable memories imply some degree of asso-
ciativity in their addressing structure and opera-
tion, This associative memory function and its
implementation is discussed below.

~2
oo

Few content-addressable memories of an auto-
mated type are in existence. (See items ¢ and 10.)
One that has been successfully used in the opera-
tional translation of Russian to English and in
automatic translation of stenotype code to English,
operates by specification of a word, a number, a
term, an indefinite sequence of words, etc. After
such specification, the memory proceeds with a
search of its contents much like one would look up
the definition of a word in a dictionary. A word
on an opened page (disk track) would be sampled ;
if this word comes before or after the word desired
(say in alphabetical ordering), the pages are
turned in the appropriate direction (tracks are
stepped across) and a word sampled on each. This
process continues until a page is found that con-
tains a word that, in alphabetical ordering, is just



beyond (greater than) the specified word. The
memory then seans each word on the page sequen-
tially until the specified input is found and its
definition, translation, document or page number,
ete., is read ont, The search strategy and the or-
dering of “page” contents are such that the longest
sequence of characters (and spaces) in the diction-
ary that match the input sequence of characters is
foumd. This provides an indefinite-length content-
addressing capability.

Definition of Associative Memory.—Associa-
tive memories in recent years have been proposed
as a useful mode of storage and retrieval of in-
formation that has been recorded in digital
machine-readable form. The term associative
memory has many varied interpretations, alinost as
numerous as the proposed applications and the
physical embodiments thereof. The tern has been
applied to adaptive-learning machines, parallel-
search memories, vaguely defined information re-
trieval development goals, and computer-memory-
address mapping devices, to mention just a few
examples. To establish a common terminology as
a basis of discussion, the term “associative mem-
ory” should be clearly separated from any impli-
cation that a particular hardware implementation
or physical form of system is involved. Rather,
associative memory is a label describing a criterion
of memory performance. It defines a memory
system with a capability of producing, or recalling
from its stored contents, segments of information
that are related to a specified item of information.
The relatedness of output segments to specified
items may be established by an internal processing
by the memory system or by a priori input pre-
processing, or both. Such a definition removes the
erroneous implication that a particular device
should be identified with the associative-meniory
function and admits vather that a number of pos-
sible configurations of hardware, and indeed hard-
ware and people, could be used to accomplish an
associative-memory function. The implementa-
tion in hardware form of the associative-memory
function runs a gamut of possibilities ranging from
research models of speculative cost and system
utility to adaptations of standard-production com-
puter components, whose utility (or lack of it)
may be readily assessed.
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Basic Methods of Implementing Associative
Memories.—The implemensation of the associn-
tive-inemory function can vary considerably. At
one extreme information to be stored is merely
added to a file (e.g. magnetic tape, drum, or disk)
after stipulating boundaries for its significant seg-
ments.  Segment bormdaries may be those of doc:
uments, chapters, pages, paragraphs, and even sen-
tences, records, or fields. The associative-memory
function is accomplished in this case by serially
passing the totality of stored information past a
retrieval statement and logically comparing each
word or word stem of the file contents with the
retrieval statement (or statements). Given ex-
tremely high-speed logic (compared to the trans-
fer rate of the file data) and segment-sized buf-
fering to perform the comparisons, a single pass
of the total file wonld be suflicient to determine
(and hence produce as output) those information
segments in the file that totally or partially satisfy
the retrieval statement components and conditions,
ineluding allowable masking and permmtations of
the latter. This mcde of operation may be termed
the “serial-search associative memory.”

At the other extreme in functioning, the totality
of stored information consisting of bounded pre-
determined segments (for example, sentences) is
mapped into physically identifiable sections of
memory hardware. These segments of informa-
tion can be subcategorized in some way (e.g., as
subject words or predicate words), to correspond
to a similar categorization of any retrieval state-
ment, the Iatter categorization dictated by hard-
ware constraints. The specification of u retrieval
statement in a suitable input-output register suf-
fices to bring about the output of any stored seg-
ment. that corresponds partially, if tagging or
masking is accomplished, or wholly with the re-
trieval statement. This form of iniplementuation
is called the “parallel-search associutive memory.”
As yet only hardware capable of haundling com-
puter-word segments and binary digit subcate-
gories has been realized.

A method of implementation of the associutive
memory that falls in mode of operation between
the completely serinl and the parallel search ap-
proachas is the ¥integral-search associative mem-
ory” approach. In this method the information
to be stored is processed once, prior to storage, in
sneh & manner that any fundamental portion of
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it (word, term, phrase, date, quantity) that could
possibly be of retrieval utility or significance, be-
comes u tag which allows initiation of a chained
retrieval process to occur for uny segment of infor-
mation to which it is related.

Special Cases. A special case of the parallel-
search associntive-memory operation should be
mentioned more for the suke of completenuss than
for its.imminence of extensive practical use. This
could be uptly called “weighed-network associative
memory.” In such memories, which are being
proposed and studied in many research areas, the
information stored exists as various states of ex-
citation, or predisposition toward excitation, of
networks of active and passive elements. In this
class would be included many proposed memories
being investigated under the following names:
conditional probnbility machines, Cybertron, Per-
ceptren, artificial neural networks, and automata,

Combinations. Of course, combinations of the
methods cited above arve possible. For exti.ple,
serial search and parallel search could be comn-
bined for example, by using the parallel-search
memory to lhold the retrieval statement(s) and
serially passing the total file by this for compari-
son. The flexibility of logic in matching may not
be as great, however, as the use of progranmed
serial search niethods.

The State of the Art in Associative-Memory
Devices.—The Serial-Search Associative Mem-
ory. This mode of attempting to implement the
associative-memory function is perhaps the most
widespread in proposed or current application.
Its usual manifestation consists of the use of mag-
netic tape or the newer magnetic disk files for
storing the basic information (or in some cases a
compacted form, abstracts, ete.), Standard com-
puter main frames (core memories and computing
registers) are used to retain the retrieval state-
ment(s) and to perform comparison operations
with the file data as it streams from the storage
unit. The file data, of course, may be altered and
restored or provided as output during the retrieval
process. The retrieval operations are limited only
by the programming effort exerted and the costs
of machine time. Retrieval statements can be
batched aud usually are for economy. Unfor-
tunately, if large files are to be examined for each
retrieval operation, total file examination can rap-
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idly become an uneconomical operation. In addi-
tion there appenrs to be no opportunity for human
intervention in systems such as these to permit
guidance during u particular search operation,
Developmental improvement on this method of
achieving the associative-memory function would
appenr to fall in the category of making the files
bigger and the file transfer rates faster and pos-
sibly replacing the standard processors with spe-
cial search-logic hardware which, though faster,
would require limited-length mask and search reg-
isters with attendant difficulties and limitations in
input microformatting (fixed word lengths, link-
ing-bit tags, etc.) of the stored data. Generally
speaking, this developmental approach seems to
fall in the category of trying to defer recognition
of the failure of standard data processing tech-
niques in providing associative-memory functions.
This mode of operation using, for example, mag-
netic tapes would, however, provide a capability
for small-scale simulation of associative-memory
functioning.

The Parallel-Search Associative Memory. Per-
haps no hardware component development in re-
cent yeers has excited operational information
processors more than that of parallel-search
memories, This has happened to the extent that
both the memory developers and others have iden-
tified this mode of memory operation as being
“the” associative-memory technique. Close ex-
amination reveals, however, that feasibility (ignor-
ing cost) has been demonstrated at most for
capacities of the order of 10,000 computer words.
The largest parallei-search memory reported uses
thin-film technology ; other laboratory models have
employed both magnetic cores and cryotrons,

The Integral-Search Associative Memory. A
large class of information processing problems
dealing with language relates to the problem of
storage and retrieval of information segments
whose probability of use is governed by a Zipf-
type distribution. In this type of use distribution,
common to most information retrieval activities,
relatively few stored items account for about one-
half the retrieval actions, but the remaining one-
half of the retrieval actions are accounted for by a
tremendous number of items which are retrieved
infrequently. In this situation a memory capable
of holding tens and hundreds of millions of bits
of information, yet having access times in tens of



milliseconds, has been shown to be useful and
economical,

Memory Access

Before discussing memory or file systems fur-
ther, some mention should be made about the de-
tailed mechanisims of memory access. The access
process, whether integrally addressed or absolutely
addressed, can proceed in three basic ways, First,
selection of a partienlar coordinate location (along
a dimension of the memory) can proceed by a step-
by-step passage, serial in time, along the memory
coordinate by the read-in or read-out mechanism.
This process in turn can be discontinuous or con-
tinuous; that is, the search can be serial or random.
Second, the selection of a coordinate location can be
made nearly instantaneous by use of a treelike
circuit structure of binary switches which provide
an input or ontput path directly to a memory-
coordinate location. Third, the coordinate selec-
tion may involve the complete connection to all
unit increments of one coordinate of the memory,
or by connecting many circuit paths and read-
record heads (by the aforementioned “circuit tree”
mode of operation) it inay read out of the memory
many bits simultaneously along a given dimension,
Any given memory may utilize all or only one of
these access techniques,

A few examples should suffice to illustrate this
point. Magnetic-tape auxiliary computer memo-
ries may record across the width of a 14-inch wide
tape, 7 bits simultaneously, by use of 7 magnetic
recording heads. This is enough to record 1 out of
more than 60 different symbols along with a mark
which is used to insure no error in the recording
or subsequent read-ont. The magnetic tape is
given a linear motion in its long dimension (say
2,400 feet) and symbols (7-bit patterns) are se-
quentially placed along the tape. The linear den-
sity of these T7-bit patterns (characters, bytes)
along the tape length is usually between 100 and
800 symbols or characters per inch. The density
of bits across the tape is usually on the order of
10 to 20 bits per mch. Tape movement during
recording o1 read-out will be on the order of sev-
eral tens of feet per second. Magnetic tape is a
good example of how read-out or search of one
memory or file coordinate can be both continuous
and discrete. When serial and continuous search
of the tape reaches the end, or after a previous
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search is completed and a record that has been
pussed by is desired, then a rewinding of the tape
must occur. Although this is usually done at
much greater tape speeds than the recording or
reading process, it still can add appreciable time to
the average random access time to information on
the tape. This access timie is generally measured
in minutes.

Magnetic drums and magnetic disk files, which
are esscatially competive memory embodiments,
overcome the rewind problem by cyclically pass-
ing circular tracks of mformation under the read-
record magnetic heads. IHere the average ran-
dom access time for comparable large-capacity
files (108 or 10° bits) stored on drum and disk
would run about 100 to 200 milliseconds. For
smaller (several million bit storage capacity)
drinn files, average random access times can be
on the order of 10 milliseconds. In the case of
magnetic drums, information is recorded on a cy-
lindrical surface by fixed electronically selectable
or mechanically positionable read-record heads as
separate closed circular tracks on the surface of
the cylindrical drnm. In magnetic disks the
tracks are located as concentric circles on one or
more disks and read-record magnetic heads are
mechanically positioned along the radius of the
disk for addressing the stored information.

In the future the technology for large, low-cost-
per-bit, digital storage devices will probably use
mechanically positionable selection mechanisms
to a greater extent than an electronically select-
able multiplicity of memory-scanning heads.
There will be, no doubt, an exception from cur-
rent. practice in that they will use self-tracking
rather than absolutely positioned scanning de-
vices, since the latter appear to have reached a
limit. to their performance in large high-density
memories. For access to random information on
the cyclically scanned memories (for information
within a track) the serial access time is one-half
the rotation period divided by the number of
times the same information is replicated (sec-
tioned) in a distributed manner around the track.
If track selection is accomplished by an essentially
constant rate, two directional movement of the
scan head between tracks, the contribution to the
total search time is one-third the time it takes the
head to move across the full range of tracks. This
presumes no replicution of information between
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tracks and a random use of the file contents.
Electronic selection of n multiplicity of seanning
heads (say one per each track) of course reduces
the effect of track selection time on the total access
time to a matter of microseconds.

Information Transfer Rates

No discussion of file stornge and ac wonld
be complete withont discussion of di.a tansfer
rates. Location of desired information in a
store, e.g. a record or field of information, is only
one-half the necessary complete cycle of retrieval.
In a complete memory operation, a record or soine
segment of information is either transferred to
the memory for recording there, or it is read out
and transferred to some other processing or dis-
play mechanism. This transfer can occupy an
appreciable fraction of the memory cycle time
depending on the length of the information seg-
ment and also on whether the information is
transferred simnltaneously, many bits at once,
(parallel read-out) or serially, one bit after an-
other. Consider for example the case if read-out
is accomplished serially at a rate of 600,000 bits
per second. These may be accumulated in a 6-bit
“byte” register until it is filled and then all 6-bit
values transferred to another location (over 6
wires) at a rate of 100,000 bytes (or characters)
per second. By this method, a device that oper-
ates slowly, for examnple, in recording a bit of
information, but which has many parallel lines to
its memnory cells (recording positions), can receive
information fromn a faster bit-rate device.

Transfer rates from magnetic tapes usually
range {(with special exceptions) from 60,000 to
600,000 bits per second. Magnetic disk files and
magnetic drums operate at equivalent serial trans-
fer rates of around 1l-million bits per second. It
is interesting to note that only when retrieval of
long records is involved is the transfer rate directly
significant in these latter devices, The typical li-
brary catalog card when located in a drnm or disk
storage memory would be transferred ont at a one
megabit per second rate (10° bits per second) in
less than 2/1000 of a second.

File Access—the Man-Machine Interface

Data processing developments have yielded a
plethora of computer input-outpnt devices, These

82

devices range from typewriterlike devices, for
poth input and output, to specialized-font page
readers for inpnt and high-speed mmlticase
printers for ontput, both operating at hundreds
of lines per minute of text. Recently there have
been several developmental reports of voice input
to machines and operational cases of “machine
talks back to man.” These two latter types have
been based upon controlled or limited sets of voice,
word, and message sets and iinminent practical
application to the handling of library biblio-
graphic material should not be predicted. A li-
brary tracing (card) generator with typewriter
input is shown in figure 10. :

If a progressive approach is to be considered for
handling the automated library man-machine in-
terface it is probable that the “keyboard input and
eathode-ray-tube display” console will be a favored
approach, Tt is true that the electric typewriter
in its various form (punched tape and magnetic
tape operated, etc.) represents a possible file-user
terminal as an interin technological measnre, par-
ticnlarly for remote terminals where the economics
of high-speed data transmission of graphics
(images) to widely dispersed points may limit full

KRS

Fioure 10, Crossfiler—an automated library-card
generating cquipment.
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exploitation of the 1v-like display capability that
is inherent with cathode-ray-tube-type displays.
In considering the possibility of cathode-ray-tube
display and keyboard input consoles as & man-ma-
chine interface it must be noted that, up to now,
these have been fairly expensive devices. It can
bo presnmed, however, that if production quanti-
ties can be made on a few stundard types, purchase
costs for an adequate console for handling biblio-
graphic information ean approach $15,000 or- less.

Two basic extremes in functioning are possible
with such consoles. The first consists of providing
each console with all the necessary character gen-
eration, display regenerating, logic, and buifer
memory that is required for its operation. At the
other extreme the console itself can be designed
with a minimum of self-contained memory, logic,
etc., and a central memory and logic unit capable
of handling a large mumber of such consoles can
be provided. Three consoles, representing differ-
ent existing designs in this range of possibilities
are depicted in figures 11, 12, and 13. In figure 11,
the Electrada Corporation Model 408-2 console
is shown. This console is a completely self-con-
tained operating unit requiring only digital
signal input and output connections (in the par-
ticnlar model shown, punched paper tape input/
output media was specified and provided). The
operator of this particular console can view a re-
ceived message (up to 500 characters) on the
upper half of the screen, perform any operation
that he desires on the message with the keyboard
by transferring all or selected portions of the re-
ceived message to the lower half of the screen, and
then can transmit the revised message. Alterna-
tively, the operator can compose his own message,
or he can recall from a console-contained memory
any of 20 plus messages (which can be stored at
will) and alter them, fill in blanks, etc., and trans-
mit them. In this console, display characters (up
to 63), edit symbols, and operational symbols are
all generated within the console.

In figure 12, the Thompson Ramo Waooldridge
TRW-80 Control Display Console is shown. This
console also contains its own character, symbol,
and display regeneration equipment but works in
conjunction with a display-input buffer which
provides an interface between a number of such
consoles and any of several general purpose com-

83

FILE STORAGE AND ACCESS 79

puters.. This console is capable of displaying
both line and symnbol type information with a sym-
bol size changing capability. Symbols can also
be modulated in intensity, e.g. a particular symbol
could blink or flicker, to alert an operator. This
console has a capability for positioning displayed
information under computer control. The opera-
tor can select particular displayed data, or the
location for keyboard insertion of data, by means
of & manually controlled cursor and a light pencil.
The display screen is capable of displaying 2,048
symbols (about 340 English words) on the 16 by
12 inch crn display area. Twenty-five lighted
indicators inform the operator of the status of
data processing sequences or modes of operation
and a computer communication keyboard of 30
lkeys provides for operator selection of operational
modes, etc.

In figure 13 an example of a display console is
shown, the Itek Digital/Graphic Processor, in
which the generation of displayed symbols, char-
acters, drawings, etc., is completely computer con-
trolled (the operator can select these or generate
his own). Display regeneration on this, and simi-
lar, consoles is handled by a central shared
memory unit. This unit uses both keyboard and
“light gun” for communication of graphics or text
with an automated system. Selection, alteration,
repositioning, and multiple scale changing, are
possible through use of a light gun, process selec-
tion keys, and a typewriter keyboard.

The particular consoles shown admit many vari-
ations in engineering and performance specifica-
tions and indeed are not the only kinds of consoles
made by these companies or by others. Con-
sole design is intimately connected with the design
of the overall automated system ; therefore, a dis-
cussion of pertinent console considerations will be
the next topic. None of the consoles i'lustrated is
specifically designed for high resolution display of
televisionlike text images as an alternative mode of
operation. However, no fundanental engineering
limitations should exist to prevent achieving such
a capability if remote viewing of microforms is to
become part of the capabilities of the automated
library of the future. Each unit displayed pro-
vides more than 1,000 lines per display field and
image quality in normal office lighting environ-
ments isexcellent.
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Basic Console Considerations.'*—The basic
functional components of an alphanumeric con-
sole of system pertinence are as follows (all may
not necessarily be required) :

1. Display

2. Hard-copy reproduction

3. Display marker control

4. Internalmessage storage

5. Process-control communication keys

6. Display symbol generation

7. Internal logic

8. Alphannmeric communication keyboard

# This sectlon on console charncterlsties was adapted from
work by the nuthor on Contract Af 10 (626)-10, sponsored by the
Rome Alr Development Center of the Kleetronle Systems Divi-
slon, Afr Foree Systems Command,

9. Input/outputinterfaces
10. Automnatic message manipulation

From o systems viewpoint each of these basic
component functions intevacts with the others and
hence its chavacteristics cannot be independently
specified, but for purposes-of discussion they will
be treated individually. In considering the desir-
able characteristics of consoles, the answers to at
least four operational questions are paramowmt.
TFirst, what are the churacteristics (form, size, sym-
bol set) of the message entity to be displayed?
The phrase “message entity” refers to the most
predominant and important segment of informa-
tion that the console user will desire to visnally ex-
amine ns a contiguous portion of text, Second, what

ssaee

I'IeURE 11,  Elcctrada Modcl j08-2 cdit/display console (Courtesy of Electrada Corporation).
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I'teure 12, The TRW-85 graphic control/display console (Courtesy of Thompson
Ranio Wooldridge, e

Ficure 13. Digital/graphic display processor.
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fraction of the total of the displayed message en-
tities will be required in hard-copy form? Third,
if display to an individual cousole user is pre-
sumed, is the rate of display of the “new text” to
be matched to human reading rates or human scan
and recognition rates? Finally, the fourth ques-
tion, are trained keyboard operators to be the pri-
mary console operators?

Each of these questions is considered below in an
attempt to derive conclusions having general ap-
plicational value with respect to the basic func-
tional console components.

Console Displays. If a human operator is to
continually compare or cross-reference the dis-
played message—with, say, an existing hard-copy
version of the message entity (such as in proof-
reading) or to some well-known format such as a
catalog card—the visual or mental cross-referenc-
ing would be greatly facilitated by exact corre-
spondence between the format of the external or
the “learned” message and the display. Similarly,
if the console operator is viewing the display for
the primary purpose of examining its geometric
arrangement (such as in composing publication
formats), then again the display format of mes-
sages should be allowed to correspond to some spe-
cific geometric format (i.e. characters allowed per
line, tabular indentations, etc.). If this isthe case,
the input machine-readable message must contain
function codes (carriage return, tab, etc.) that the
internal logic of the console can interpret as dis-
play format instructions.

In many console applications the message dis-
played will be processed by the console operator
primarily by examining the message with respect
to its self-contained context, In these cases the
value of formatting the display becomes doubt-
ful and its occasional use as a geometric format-
observing device can be handled by insertion, on
the display, of interpretable symbols.

Display resolution should exceed 1,000 lines per
normal viewing field, and brightness and range of
viewing angle should be comparable with daylight,
1v displays so that operation can oceur in ac-
ceptable interior ilumination environments.

Can one specify a generally applicable message
entity size and shape that would have wide appli-
cation? If one specifies that the console display
is to handle messages that consist of textual mate-
rial the answer to the size question may be that ob-

tainable on an heuristic basis; that is, the natural
evoluiion of the paragraph (estimated as on the
order of 100 words) as & message entity. With
respect to shape, Belevitch suggests that normally
occurring paragraph format has a theoretical ex-
planation. (Sce item 1.) TFe proceeds on the
assumption that the visual exploration of a para-
graph of text would be most efficient if the number
of words in cach line (equal to @) and the number
of lines in a paragraph (equal to ) is a minimum
(that is @+b=minimum) for any specified para-
graph size measured in words (ab=constant).
This condition is satisfied for a=5; that is, the
average number of words in a line is equal to the
avernge mumber of lines in a paragraph.
Belevitch indicates that this relationship appears
to hold approximately, even for such paragraph-
like text segments as public announcements. Pre-
sumably for library work the catalog card word
capacity, with some allowance for growth in aver-
age size (about 300 words total), would be
adequate.

Hard-Copy Reproduction. If the console ap-
plication is primarily or solely one in which an
experienced console operator is initiating a mes-
sage entity and the generation rate is primarily
operator limited (or is not of great concern), and
a hard-copy reproduction for record purposes 18
desired, then for cost reasons (at least with present
technology) the functions of display can be accom-
plished by a typewriterlike console. When typing
errors or operator inexperience (and intolerance)
is of concern, or the console function is primarily
to assist human beings in reviewing or performing
minor editing on machine generated message enti-
ties, {hen electric typewriters may be slow (most
electrically operated typewriters do not exceed a
rate of 20 characters per second). In this case,
electronically produced displays should be favored.
With the cathode-ray-tube (crr) type of display
at least two options exist for obtaining hard copy
from the console. One of these involves conver-
sion of the electrical coded message into hard copy
by facsimile, electric typewriter, or printer meth-
ods. An attractive alternative from a cost view-
point, W(;wu]d be use of an optical-photographic
method (not necessarily silver halide) working
dirvectly .from the crr display image.

If appreciable hard-copy output is to be ob-
tained from a cousole primarily for record pur-
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poses, it must be remembered that the cost of
photolike reproduction materials is proportional
to their aren; minimum linear dimensions of
copies, consistent with legibility, is advisable.

Display Marker Control. On the question of
combining, in n console, the functions of operator
display and hard-copy reproductions, considera-
tion should be given to “multiple choice” opevation,
In most console applications it will be advisable to
keep the user’s input operations (such as typing
words) to a minimum. In such a mode of opera-
tion the capability of moving a pointer or marker
to various portions of a displayed message and
then pressing a “process key” to indicate special-
ized treatment. of the message segment indicated
is a valuable feature. However, it must not be
presumed that a typewriter with hard-copy dis-
play could not also have such a feature although it
could involve slower operations than an electronic
display would provide, such as a reverse paper
feed and typing head movement,

The question of message entity display rates is
a difficult one to answer on a general application
basis. Three operational modes, at least, should
be distinguished in considering this question.
First, there is the type of operation where batched
sequences of messagesare being paraded in front of
the console user for the purpose of his reading
or editing them in toto. In this case, the read-in
period should not be accomplished at a slower rate
than 10 to 15 characters per second which is the
normal reading rate, and preferably it should be
much higher to avoid waiting periods at the con-
sole that are annoyingly much longer than message
entity reading periods. Second, there is the case
where some group of message segments are read
into the internal storage of the console and the
console user must scan these rapidly, e.g. for a
search and recognition process and, possibly, a
subsequent. editing and tagging action, In this
case, if maximum convenience to and eflicacy of
the console user is desired, then the display of each
message enfity must be as easy and rapid as tmrn-
ing the pages of a book. Third, theve is the case
where a number of stored pre-prepared messages
are contained in the console and called onto the
displny so that the operator can in some manner
alter or add to them prior to their transmission.
The throughpnt processing time for snch messages
and their frequeney of use would dictate display
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rates in this case. However, the use of “canned”
messages usually presupposes an objective other
than just error minimization in their repeated
generation, and here again display of such mes-
sages should require a small fraction of the time
that would normally be taken by their being newly
composed each time they are needed.

Internal Message Store. No general rule can be
given concerning the magnitude of the message
entity storage that should be incorporated within
consoles. This would be a parameter highly de-
pendent upon the total system functioning in-
volved. It should be noted, however, that if such
messages are to be used us a readily available rep-
ertory for an individual console user, such as in
a cataloging operation or in an intercommunica-
tion system, then the user would begin to require
a table of message storage references if the num-
ber of messages were much more than 30 to 40
(assuming that no easily remembered, ordered
or hierarchical, relationship exists between the
stored messages). The question of console mes-
sage storage of a repertory of message entities is
essentially one of system costs. If many consoles
(employed by users concerned with nonidentical
but possibly overlapping stores of message enti-
ties) are to be employed in a console-computer sys-
tem, then the use of centralized memory should
be considered up to the point where the costs due
to required central memory access times and com-
munication and switching (including computer in-
terrupts) makes it advantageous to place sufficient
memory at the console terminal to handle the
high-use message entities.

When a console is being used by a hnman being
to scan a block of message entities and the user is
selecting and compiling a group of these, then the
previously mentioned ability of obtaining hard
copy of displayed items could greatly reduce the
required maguitude of console electronic “scratch
pad”™ memory. Despite this, it would appear im-
portant, to avoid undue manunal reinputting of
portions of the compiled information (say for
further system processing), to be able to store on
an electronic “seratch pad™ basis, at least up to
one display-size of information,

Process Conlrol. Withont question, if the con-
sole operators are experienced, a large numbev of
special keys to control both console operations and
assoclated datn processor operations would pre-
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sent little diflicnlty. Viewing a displany screen
while typing input data to a console is not a dif-
ficult operation for nn experienced typist or ma-
chine operator. To the relatively untrained op-
erator, sequences of viewing n display and then
transferring eyes and hands to a nonstandard
process-control keyboard could be disconcerting.
In the case where consoles are integrally connected
to information processors, serious consideration
should be given to use of n limited set of process-
control keys and maximum use of multiple choice
displays for selecting and sending choices of words
and their operational symbols which the data
processor can interpret, within allowable sequences
of processes, forr the particular operation being
performed.

Designers should give serious consideration to
merging all keys that effect the display into the
same Kkeyboard. For example, display marker
controls may be incorporated into a segmented
space bar or the backspace key of a normal alpha-
numeric keyboard configuration. A foot-switch
and indicator light could then be used to indicate
whether marker control or message editing gen-
eration is the function being performed.

Display-Symbol Generation. The symbol set
required for console display must generally pro-
vide for the following :

1. Reproduction of the textual material to be
processed.

2, Indication of special operations that have
been, or will be, accomplished on the dis-
played text by output printers or attached
data processors.

3. Indication of the type and location-effect
of certain console operations.

4. Alerting the console operator.

5. Notification of the status of console proc-
essing.

The trade-off between the use of symbols that
serve purposes 1 and 2 above is considerable and
can result in lowered console costs. For example,
if source text is generated in electrical code form
and contains code symbols for uppercase shift
and lowercase shift, the console may be required
to provide only two display symbols to indicate to
the console user whether a character from the set
of single-cuse alphabet characters in the console
display repertory represents a capital letter or a
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lowercase letter. The same trade-off can be used
to reduce the internal logic necessary to recreate
the exact source text format by providing sym-
bols that indicate paragraph indentations, etc. As
was mentioned previously, if format editing or
proofreading is a prime counsole use, then this
trade-off would not be desirable.

An important decision in library automation
concerns the number of alphabets that must be
used on console displays. System cost considera-
tions argue strongly for standardization on the
Roman alphabet even though the internal file
storage contuins notations of other alphabets for
special publication uses.

In the display of symbols that indicate where
on the display some console operation is to occur,
or has occurred, usually a simple “sweep” inten-
sity time-gating action that provides an under-
lining along with a suitably labeled process key
is suflicient, and character-generation codes and
equipment are not neecded. In the case where a
message entity is held on the display and various
segments of its are stored or transferred to an edit-
ing region, some consideration should be given to
the insertion of editorial notations such as “perma-
nent” dots under the characters that have been
processed. This would be of particular aid, for
example, in cataloging operations where message
entities may have repeated phrases and words
which make it difficult for the console user to
locate his prior actions in the message being
processed.

Internal Logic. The relationship between the
incoming data stream and what is displayed has
an appreciable effect on the complexity, and hence
the cost, of consoles. The internal logic may be so
constructed that not only is each code byte or
character code examined for suitable display-
symbol generation or console action (e.g. stop re-
ceiving) but sequences of character codes may even
have to be examined. This latter case is particu-
Iarly true if the source text is encoded in a set of
bytes that are insufficient to convey by each byte a
unique representation. This is the familiar case of
using a 6-level code (maximum unique representa-
tion, 64 items) to represent a symbol set consisting
'of all alphabetical characters upper and lowercase,
punctuation, decimal numbers, and special char-
acters, (In this case about 80 symbols are repre-
sented by the 6-level code.) The question of how



many information levels of code consoles should
be designed to handle is not one that can be gen-
erally answered. Seven levels (information, ex-
clusive of the parity bit) have been increasingly
employed in equipment to generate and code text.
The resulting 120 plus symbols that. can be directly
encoded would prove useful if computer program-
ming symbols and other communicating specialties
are to be handled without special source-character
coding and decoding.

Alphanumeric  Communication  Keyboard.
There has been some experience with nonstandard
typewriter keyboards on consoles, and the reaction
has been essentially negative. Although there is
no such thing as a completely standard keyboard
with respect either to the set of characters, special
symbols, and punctuation, or their position, con-
sole keyboard specifications should require as close
o correspondence as possible to the keyboard of
commercial electric typewriters. Consideration
should be given to combining display marker keys
with the alphanumeric keyboard.

Input/Output Interfaces. In the case of on-line
consoles connected directly to a file or file proc-
essor, the interface problems and considerations
are at least as numerous and varied as the types
of processors that may be involved. A problem
that is immediately faced is the initiation of a
computer “interrupt” or “call for console service.”
If one console is involved then presumably the
existing interrupt schemes of most commercial
data processors can be used. If a number of con-
soles are involved, possibly simultaneously, identi-
fication of the imterrupt may become a problem.
Consoles generally, although not necessarily, can
be considered as asynchronous devices, and some
input/output data-rate buffering would be re-
quired as well as a consideration of matching
“word” structure. Presumably, the processor
would be capable of examining the console output.
data stream for instructions inserted by the con-
sole or the console user. The reverse situation,
where the data processor is “instructing” the con-
sole in automated operations, should be kept to a
minimum from a cost point of view and instruc-
tions should be provided to the operator via the
display.

Automatic Message Manipulation. There are
numerous functions that can be accomplished on
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an automatic basis within a console or externally
to it. TIfor example, if the console user deletes
words in a message entity it should be possible
to close up the crecated gap on the display, or con-
versely, to fill the gap with a ‘“delete” code and
symbol which later accomplishes the same thing
on an ontput printing device. Insertion, deletion,
and transfer of message segments in increments
down to the level of a single character or symbol
are necessary if editing for spelling is envisioned
as an operational requirement. The decision as to
whether the display should hold a message entity
while it simultaneously allows a message editing
or composing task on another display area is pri-
marily sn operational one. If the console user
is.to use the displayed message as a basis of com-
posing a different message entity (e.2. an index
card, informe’ion retrieval summary, answers to
a problem) then dual input/output message dis-
play is probably desirable. If the primary proc-
ess is one of making minor editing changes, then
single display may be suitable, if, however, the
input or unmodified message can be sequentially
displayed should the need arise.

Human Engineering Aspects.—Certain hu-
man engineering aspects of consoles, such as proc-
ess key placement and keyboard characteristics
have already been mentioned. If a console is to
serve as an effective transducer between man and
machine, its design should be tailored to the con-
venience and capabilities of the expected user.
Display legibility should approach that of good
quality printing. Where possible, the mode of
operation should be one in which the operator has
a minimum of operations to perform and these
should be visually and manually constrained to
limited physical areas. Small conveniences such
as desk space, text-holding devices (near the dis-
play), and end-of-line signals all contribute to
the user’s impression of the console as 2 usable
and desirable tool. Safety features for protection
of both the console and its user should be manda-
tory for any design.

On-Line Console Uses.—Three major cate-
gories of on-line console uses can be identified,
although combinations and variations are pos-
sible:

1. Textediting—rormat and content
2. Message composition—copy and insertion
3. Tutorial interaction and file access
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In editing text that has been converted to ma-
chine-rendable form, computers {and lexieal
processors) ean perform many editing functions
antomatically. ‘I'he entry or non-entry of in-
formation in certain designated portions of the
message entities can be detected. Common spell-
ing errors can be corrected, and ambiguons spell-
ing situations can be flagged. For those cases
where some ambignity remains in the machine-
edited text, n console operation involving lmman
assistance is in order. Such editing can involve
both rearrangement of the geometric layont of the
text as it will finally be desired in the output as
well as alteration of characters, symbols, punctua-
tion, and words of the text,

Message composition can be achieved in two
principal ways. In the first of these, an operutor
views an inpnt message, extracts or paraphrases
portions of it, and essentially creates a new mes-
sage, Anexample of this wonld be the use of the
console hy a docnment cataloger or abstracter.
In the second, the operator inserts keywords,
names, or addresses in “canned” or pre-stored
messages. The two modes are not clearly sepa-
rable; for example, a message cataloger or indexer
could extract sequences from an input message
entity but insert them into a prepared message
format that consisted of a few headings such as
accession immber, date, source, or keywords. The
insertion mode of message composition could in-
volve inserting fixed data, data locations, etc.,
into a computer program as well as straight-
forward seeretarial operations.

Tutorial interaction and file access cover the
rather broad spectrum of console uses that pertain
to man-machine communication. Console uses in
an automated information storage and retrieval
system, where the “machine™ attempts to assist the
man in organizing his qnery, and automatic teach-
ing machine nses wonld fall in this category.

File Storage and Access System Considerations

The most. important aspect of automated sys-
tem design is the kind of service that is to be pro-
vided by the system. It is on this point and the
accompanying cost considerations that opinions
about lhow to design an automated bibliographic
information system will differ. To the anthor’s
knowledge, nobody has proved that finding a ref-

orence to a monograph or serial containing a de-
sired segment of information in @ minntes instead
of 102 minntes is generally worth ¥ expended dol-
lars. Similarly, it is doubtfnl if it can ever be
shown on a firm qnantitative basis that instead of
finding n references to a specified topic that find-
ing an (n+1)th is generally worth y dollars, It
is the anthor’s moot conviction that automation
of the handling of bibliographic descriptive in-
formation will parallel the nusefulness and the suc-
cess of antomated improvement of telephone com-
nmunication, Retrieval of information contained
in o library is essentially the establishment of com-
munication between anthors and library patrons.

There is no reason to believe that existence of
recorded knowledge prior to a particular need for
it shonld restrict onr ability to gain access to it at a
later date. Thns, an anthor may write a book
which is filed away in a library before there has
been an expressed need for the information it
contains. Once a user needs that information,
however, he shonld be able to gain access to it
just as quickly as if he were to consult personally
with the anthor by telephone. If this premise is
correct, then the goal of antomation should be to
help the library patron find useful communication
linkages and to do this with the maximum speed
and counvenience that. technology allows. In a
sense there is an implicit assertion in the foregoing
statements that timely availability of informa-
tion is by far the most important factor in the
value of information.

Granted that there is a teleplione commmunication
parallelism, does this aid in determining how the
automated bibliographic system should operate?
It does, for conversation generally is a bilateral
process of giving and receiving information, not
just a posing of questions and a responding with
strictly appropriate answers. The author is well
aware of the vast literature on information re-
trieval, library classification, etc., which describes
methods upon which any inanimate bibliographic
system must base its response to queries.

Consideration of the system applicabilicy of file
stornge nnd access technology need not be based,
Liowever, on o priori selection of any one of these
bibliographic methods. One can start by assuming
that any initial library query will be based on the
use of langnage, and further that the initial ex-




VNN

¢
J
8
i
i

ERIC

[

pression for desired information shonld generally
consist of not more than 5 or 10 significunt terms
(nunies, words, ete.). These terms may have polar-
ized relationships (i.e. acted on, co-incident with,
ete.) although their value in the light of cost of
implementing is questionable. This point as well
as many others is discussed in two review pupers,
items 6 and 8,

The automated bibliographic system must re-
spond to this initial query by some indication of
the acceptability of these query terms, e.g. not
found, too large u response expected, ete., and with
a suggested list of related terms. These suggested
related terms can be based, for example, on coinei-
dence in titles, co-occurrence in authority catalog
cards, or comembership in a segment of hierarchi-
cal subject struncture. Based on average works per
author, average number of tracings, etc., an esti-
mated response of significant terms on the order
of 25 to 100 suggested terms could result from an
initial set of 5 to 10 terms.

Higher quantity responses could be controlled
by tutorial-like suggestions. A request concerning
Shakespenre could result in a snggestion to specify
authority cards, drawa, sonnets, etc. The library
user could select additiont1 terms from the biblio-
graphic response and reiterate this process until he
has satisfied himself that lie has an adequate set of
query terms. Reinsertion of the final selected
terms would elicit a response as to the number of
catalog entries each term would yield. The user
would then be able to try combinations of joint
occurrence of terms on a trial basis and would ob-
tain a display indicating the number of catalog
entries {monographs and other library loldings)
that would be identified. This operation would
complete the term-search process. Entry of the
final term selections along with their specified logi-
cal relationships (specified joint occurrences)
would provide at. the console a display of the ap-
propriate catalog cards for the user’s review or
hard-copy printout.

In terms of file storage and access technology,
what would the service outlined above require?
First, the term-memory would require a memory
technology that was primarily content-address-
able. The addresses found in this memory by
specification of languagelike terms  (including
names) would yield “see also” numerical addresses
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(catalog card numbers) which would contain the
cross-referenced terms. It must be possible to add
to tlus term-memory both completely new term en-
tries and insertions of new item numbers to estab-
lished term entries since new catalog cards will
contuin previously posted names and terms. The
second nmiemory, the catalog-card-memory, would
contuin the equivalent of library catalog cards
nddressable by number with significant retrieval
terms and names annotated within them. This
memory would require additive properties on a
sequentinl or accession sequence basis only. Some
logical processing to provide for the selection of
terms from the full catulog or for subsequent
application of retrieval criteria such as imprint
dates, book size, etc., would be required.

Two important questions remain, concerning the
capucities and the throughput rate capabilities that
would be required of these memories. With re-
spect to capacity it is estimated that several hun-
dred thousand English word stems and phrases
would be required in the term-memory along with
names of authors and certain spelling variations of
both terms and names. For a 5-million-item li-
brary with 1 million authors—assuming that any
given retrieval-significant term occurs in the bib-
liographic material, e.g. catalog card text, at u
frequency of one in every one million words—n
capacity of between 10° and 10'° bits would be re-
quired for each of the memories.

Throughput refers to the rate at which a file
storage and access system can handle queries as in-
puts and provide responses. Consider each query
as a 2-step process, first as the insertion of terms
with their subsequent lookup which yields catalog
card numbers from the term-memory. If 5 terms
were inserted and if each lookup read-out is nc-
complished in the average time of 10 milliseconds
then 20 such query steps would be handled in a
1-second period.

If vhe 5 initinl terin lookups each yielded 10 cat-
alog card numbers there would be a total of 50
catnlog numbers to be looked up in the catalog-
memory. If these in turn took 10 milliseconds
each, then one-half a second would be required
and only 2 such queries could be processed in 1
second. If response delays (penk) of several sec-
onds can be tolerated then morve users could be
serviced within a given time period.
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The desired speed of response to queries (query
throughput rute) affects the complexity of systein
design. Methods of congestion theory in tele-
phone systems have been exhaustively treated (see
item 13), but it is doubtful whether in most li-
brary systems the “large population” results of
telephone theory can be applied. Recent work in-
dicates that the selection of methods for nutomated
system servicing of query queues is not a partic-
ularly criticnl one. (See item 2.) The relation-
ship of internal activity in a system procedure,
such as outlined above, to console user activity
would require some thorough investigation before
realistic estimates could be made. It will probably
be necessary to “over design” automated library
systems of the man-machine interplay type, until
more experience is gained with such systems.

Technology vis-&-vis Automated Bibliographic
Information Handling

The development of technology for processing
information that has a predictable use and a nu-
merical character and theavork on new technology
for handling information having predominantly
language characteristics have resulted in system
file storage components that can meet the require-
ments of automating bibliographic information
handling in Iarge libraries, The achievement of
such a goal will require design of memory-
centered systems capuble of handling natural
languages, rather than processing-centered sys-
tems which place severe constraints on input data
preparation. Considerable attention will have to
be devoted to the development of man-machine in-
‘orfuce equipment and to system throughput
¢t 1siderations.
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Mechanization of File Storage and Access

RICHARD L. LIBBY
Itek Corp.

Problems of Information Handling

Throughout my paper I have attempted to
expose those who are not familiar with some of
the computer technologist’s parlance to these terms
and to give a rather cursory but, hopefully, com-
prehensive coverage of the mechanisms of file stor-
age and access. Since this is a tremendously com-
plex subject, I could only touch on the major fea-
tures of mechanization that might be of interest
to librarians. I begin my paper by pointing out
that mechanized information handling has had
its greatest success with the handling of informa-
tion that is expressible in quantitative amounts and
with information whose use can be predicted with
some certainty and which can be categorized with
considerable expectancy that any subsequent use
will fall within the assigned categories. Li-
hrarians deal with information of slightly differ-
ent characteristics. In many cases they cannot
predict who will ask what questions. This type of
information handling problem is shared by people
attempting to mechanize the handling of manage-
ment information and intelligence information.
One cannot in an a priori sense easiiy or success-
fully categorize the information to be stored in
these mechanical graveyards. I am not. certain
that we will find all the solutions in the future,
but we must seek methods of mechanizing lan-
guage-type information that will allow a greater
freedom of access to the potential user. Hope-
fully this can be done without posing a tremendous
intellectual burden at the input end.

Information that librarians deal with is such
that one cannot pick out segments of it and say,
“This is used so mach percentage of the time, and
I will allocate its storage to this type of equipment ;
this is never used or used very infrequently, so
I will put it in a regional depository,” and so forth.
As a matter of fact, the freqnency of the nse of

{

words and the occurrence of useful references on a
given subject in journals both behave according
to either a hyperbolic or a reciprocal distribution
where relatively few items (in the case of words,
perhaps 100 to 200 words) correspond to 50 per-
cent of the total use. The remaining 50 percent
of use is distributed over a tremendouns number of
words or journals, any one of which may be used
very infrequently, but the total aggregate use of
all these other things can add up to significant use
of stored information.

The Content-Addressable Memory

Now, this has a relationship, which I confess
my paper does not point out very clearly, to the
fact that the normal mode of operation of numeri-
cal data processing equipinent employs a method
of absolute addressing; that is, one maintains
{ables that lead to blocks of information in the store
which are called for as the need arises. What is
needed in the handling of bibliographic material
is & technology that employs memories that are
content-addressable; that is, one does not specify
an absolute, coordinant record, but one specifies
segments of the information and this in itself leads
to the address of related and pertinent informa-
tion. This may not be at all surprising to people
who are familiar with card catalogs. This is ex-
actly what yon do if you look for an author’s name;
you go to the place in the file that is ordered by
the author’s name. In present machine technol-
ogy, particularly as an outgrowth of the old
numerical processing techniques, you would have
to examine the first two characters of the name
and determine the number of the tape on which
that name could be found. Then if there were
a tape switching unit, you could call in the block
of information from the appropriate tape and
then examine this in detail. My paper ontlines

89

93



90 LIBRARIES AND AUTOMATION

the status of the so-called content-addressak'e
memory (also called intrinsically-addressed mem-
ory or associative memory).

Consoles for Library Access

There is a problem of communication with data
processors. In the past, use of numerical data
processors was essentially by means of a batch-
ing operation because these machines cost from
$60 to $600 an hour whether they are used or not.
There is a tendency, of course, to make certain
that they are used every possible second in order
to get a lower cost per operation. For the com-
puted payrolls and that sort of thing one can
schedule the use of the computers very well. 1
personally question whether this is the proper ap-
proach to foist upon librarians or anybody else
who is running an individual service organization.
I think that if technology cannot provide accessed
informs-ion wlen and where the user would like
it, then we must go back and do our homework
before we technologists come to librarians and say,
“This is what you ought to do.”

Consoles can vary from simple typewriterlike
devices to units costing on the order of $100,000 to
$150,000. Most of the military-sponsored devel-
opments have been in cathode-ray-tube display
consoles coupled with an electric typewriter, with
some storage within them to regenerate the dis-
plays and so forth. These consoles have incorpo-
rated within them many functions that are useful
for drawing pictures or inserting text and editing
it by means of the keyboard, and, as a result, these
consoles have cost about $100,000 apiece. Such
costs are, of course, unthinkable for libraries. As
a matter of fact, in addition to the cost of the
console there are tremendous programming costs
to allow the use of 10, 20, or 100 of these on-line
with the computer ; there is the time sharing prob-
lem and so forth. I venture the thought that there
1S no reason why consoles adequate for automated
library catalog access cannot, with a production
run of 100 to 200, approach something on the order
of $15,000. I base this very moot point on the
fact that the console of the type I have in mind
would essentiatly consist of an electric typewriter
keyboard, which might cost in production about
$3,000—possibly a great deal less—and which
would use a character-generation scheme of about
120 characters, with perhaps 7 allocated opera-
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tional codes, and have a monoscope or a digitel
generntion of characters. I feel that this latter
portion of the unit should cost on the order of
$5,000. The necessary logic that would go with
both the keyboard and the display generation
should not be greater than $5,000. Let me point
out, though, that, to my knowledge, nobody has
developed and put such & console on the market.
I cannot explain this except for the fact that thers
has been no coordinated and standardized need ex-
pressed for a simple console; therefore consoles
have all been custom-designed, and, hence, ex-
pensive. The display and console characteristics
are treated in some detail in my paper, providing,
I hope, a checklist so that anyone who is interested
in this problem can use my paper as a takeoff

point.
File Arrangement -

I, too, propose mechanization of the card catalog
by a dichotomy, one part of which is a dictionary
file consisting of many subdictionaries: author
dictionaries, subject dictionaries, and so forth. I
propose this arrangement of the catalog primarily
to keep the throughput problem within reasonable
limits. The other half of the mechanized catalog
is the complete bibliographic entry, i.e. the main
entry, in machine-readable form and essentially
in accession number order. I propose the use of as
many terms as possible as entries in the dictionary
files. For those terms (such as Napoleon or
Shakespeare) that become almost useless as specific
retrieval items, special tables should be displayed
to the user to help him narrow his search. Indicia
such as the color of a book or the dimensions of
a book may be useful for the retrieval of books
previously used. This would be helpful when the
only thing one remembers is that “I had a yellow
book that dealt with the frequency of words in
the English language.” When the final set of cata-
log cards in machine-readable form is retrieved
after a search of the store, then logical processes
can be used to discriminate items in this final set
of cards by criteria which are not very selective
for early stages of the search but which would be-
come effective after one has narrowed the search.

The Feasibility of Library Mechanization

As far as the feasibility of mechanizing library
operations is concerned, I think that today we are



at the point where many of our standard commer-
cial products can mechanize that portion of large
libraries that deal with housekeeping, e.g. keeping
track of the in-process, the not-on-shelf, the cir-
culation, and similar activities. I haveno question
that it is possible and that it could be done in line
with present costs, with the possible benefit of
having up-to-date information about the current

location of bibliographic items, how many there’
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are, how they are used, and so forth. With respect
to automation of the descriptive media called card
catalogs, authority catalogs, and so forth, I feel
that the technologists have demonstrated in the
laboratory the technical feasibility. However, T
feel that some very direct and enthusiastically
sponsored effort would be needed to put this into
what one might call “off-the-shelf” capability.

The Librarian and Information Control
MORTIMER TAUBE

Documentation, Inc.

The 3 by 5 Syndrome

I would like to add to what was said about the
card catalog, because, after all, the card catalog
is the chief mode of access in a library and that is
what this paper is about : access to bibliographical
information. I would certainly admit that the
library profession has done well with the 3 by 5
card in handling monographic publications. But
we must not forget that the library gave up the
problem of handling the journal literature to the
scientific societies. The societies did not handle
this literature with 3 by 5 cards. After the war,
when there was a great volume of report litera-
ture, the Atomic Energy Commission made an
initial attempt to handle it with 8 by 5 cards. This
attempt has probably been one of the greatest
bibliographical failures of all times. Sending out
millions and millions of cards which remain un-
filed in libraries around the country generated a
new bibliographical term : shoeboxes. The ques-
tion was: How many shoeboxes of unfiled cards
do you have in your library? The 3 by 5 card,
although it has had great use within the mono-
graphic field, has certainly not solved the biblio-
graphical problem.

You may say that as librarians you are not con-
cerned with report literature, that your concern
isonly with organizing a library in terms of mono-
graphic material. If you do say that—and I hope
you will not—the chances are that the modern

librarian will pass out of the picture as the paleog-
rapher did some time ago. I teach a course at
the graduate library school at Columbia Univer-
sity. Recently I took my class to IBM to see the
machines in operation and to see various programs
being run. We saw one of IBM’s motion pictures
which showed plant x where a man had certain
files he was cataloging, using ordinary cards. It
also showed a picture of the man’s door. It said
“Librarian” on the door. The man went inside
and there were all these cards and all these files
that he worked on. Gradually this man got more
and more intelligent and brighter and brighter,
and he mechanized this part of his work and that
part of his work and another part, and he went
from punched cards to small computers to iarge
computers. Then IBM showed another picture of
this man’s office; the word “Librarian® was gone,
and on the man’s door was the title “Director of
Information Services.”

I remember that a number of years ago this
problem was first presented to the Special Librar-
ies Association. SLA said, “This is no problem
for industry; this is only a government problem;
this is only a Washington problem that you fel-
lows are trying to fool with.” Scon it became
not a Washington problem but a special library
problem and an industry problem. What has
happened, in many cases, is that the librarian
who refused to be concerned has not become the
Director of Information but has been placed
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under a Director of Information. So the prob-
lem as I see it is this: in the future either the librar-
ian will make his peace with the modern world—
that is, he will take this new technology and make
it a detail in his operation—or, if he does not,
what the librarian does will become a detail in
someone else’s operation. We may feel that this
is not going to affect the academic library and
that it is not going to affect the true research
library, but that was mny point about the paleog-
rapher. How many of you academic librarians
employ paleographers? There wag a time when
you could not be a librarian unless you were a
philologist and a paleographer. These men went
away. Now if you librarians think solely in
terms of the management of serial records, verti-
cal files, and 3 by 5 card catalogs, you will go the
way of the paleographer,

Comments on Measures of Information

Now to come to Libby’s paper. The paper
deals first with a measure of information, a mathe-
matical measure of the number of bits of informa-
tion that would be in a message, in a catalog card,
in a page of text, and so on. This is an important
question for the machine man because every bit of
information that he stores costs some fraction of a
dollar to put away and to get out again. If he
can determine mathematically that he can record
a certain amount of data in a more compressed
form, a more compressed number of bits or digits,
he is saving money. I did feel,as I read this, that
the librarian could be excused if he felt that the
logarithm of the number of bits and so on was a
little kit beyond his immediate concern. He is
willing, I think, to accept these details about the
amount of information, or how things are coded, or
how one gets the maximum information in the
smallest area, from the information theorist. What
the librarian wants to know is what this means in
terms of the number of questions that he can an-
swer in a unit time. He wants to know not neces-
sarily how many bits or how many digits are in-
volved in a particular reference question but how
many reference questions he can answer in a given
time. One of the ways in which the computer per-
son can give this information to the librarian is to
calculate the amount of bits that have to be proc-
essed. Here we must find an interface which I
think we do not have now. In too much of the

literature the computer man writes about speeds,
nuinber of bits, amount of informnation, and so
on, rather than about the number of inquiries that
can be handled per unit of time. The latter,
which the computer man could calculate if he
would go one step further, would make his mate-
rial of more iminediate concern to the librarian.

File Access and Structure

The paper also discusses computer access, and
how the store is used to answer questions. Here,
I think, I must relate this to the paper by Patrick
and Black, which discussed in its appendix two
arrangements of the store: inverted and linear.
Now this is obviously concerned with the access to
the store, and I would like to consider both of
these probleins together. Access is determined by
the structure of the store, and structure involves
two different things: physical structure and logi-
cal structure. The physical structure relates to
the type of file—that is, tape, disk, and so on. If
the data are on a tape and you want something
that is in the middle of the tape, it is necessary to
start at one end and unroll it. In other words,
this particular physical structure has a constraint
which requires a certain type of linear access. If
the file is on a disk, you can take a reading head
and move it to a certain line on the disk and find
the data directly. On a drum storage you can
run reading heads across the top and rotate the
drum and find the data that way. In a core stor-
age, where wires run to each core, you can address
the core directly without any physical movement.
These are the types of physical structures which
determine how you get access to the material stored
in the machine.

You have all heard about so-called random
structures. Well, random is a bad word and we
ought to get *id of it because what it ultimately
means is ordered. It is a piece of technical jar-
gon. Random means an equal time to get at any
particular part of the store. To develop this fur-
ther, the ejuality results when a system has
reached maximum entropy and has no structure,
so that the chance of one thing happening as com-’
pared to anything else happening is equal. Actu-
ally, a random store is a store where one can defi-
nitely specify an item and can go right to it; it is
the opposite of linear.

It turns out that these ordered stores have a
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rising curve of expense: the paper is cheapest, the
disk is o little more expensive, the drum is still
more expensive, and the core is still more expen-
sive. The more immediate the access, the more
direct the access to an address, the more expensive.
Therefore, one has to design a systemn that takes
into account these physical differences in terms of
the frequency with which the information is
needed.

In addition to this problem of physical store,
there is the problem of the logical structure of the
system, and this involves such concepts as the
principle of ordering. Iu other words, the logical
structure of an author file is that it is ordered
alphabetically by the author’s name; a subject file
has a logical structure in which there are subfiles
arranged under each subject. Now in the computer
art there las been considerable debate as to
whether or not you have to structure a store in the
same way as you structure a card file. That is,
should you prefile the material under different
subjects so that when you look for something you
do not lave to examine the total file but can go
directly to what you want in the computer just
as you do in an opdinary card file? As computers
have gotten faster and faster and as we have been
able to store material more and more densely, it
lhias been suggested that we do not have to struc-
ture the file logically, because we can just store
data as received, and the computer has enough
power to answer questions by scanning the total
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file. Of course, when this is said, it is usually also
mentioned that this procedure only becomes
economical when one batches. In other words,
since you must go through the total file to find any
item, you decide to go through the total file to
ask as many questions as possible during the trip.

According to Libby’s paper this is perhaps the
wrong way to go about it, because the library pa-
tron will never stand for his inquiries being
batched. The patron will require from the new
meclianized library the same direct service he gets
from the present card catalog, and therefore we
must supply him with a console or some means of
interrogating the systein directly without his wait-
ing to be batched. Now the idea that any large
library is going to be arranged efficiently in a sys-
tem of direct access so that questions will not
have to be batched, so that anybody can approach
the store by console, seems to me difficult to accept.
I realize that the art moves along very rapidly, so
I am not going to say, as T have said about other
things, that it is impossible. But I question the
realism of telling the librarian: You are not
going to have to change your way of doing busi-
ness; you are not going to have to batch; you are
not going to have to do so-and-so, because we’re
going to supply a console to you which is going
to interrogate your file and give you immediate
answers, regardless of the size of your file. My
feeling on reading this part of the paper was that
this was not realistic. This is my summary, The
topic is now open for discussion.

General Discussion

Swanson: The idea of a console does not neces-
sarily imply that you cannot batch; it is just a
question of the response time of the console. For
example, if you had a 1-minute response time, you
could batch all queries that come from 200 con-
soles during that minute. There may well be some
intermediate kind of system here that relieves
some of the direct-access strain on the hardware
and permits batching over a reasonable response
time.

Warnerr: I agree. We must emphasize the
difference between a minute and two minutes and
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the millisecond range. There are a lot of milli-
seconds within a couple of minutes.

Kinc: When youre talking about batching,
you presuppose that you have a simple-minded
question and that you will get only one answer.
Well, Libby, T think, realized that the questions
are not going to be simple—there will be stupid
questions for which there are no simple answers,
and to get any satisfactory answer out of the sys-
tem, it, with the help of the querier, has to set up
a search trail, Sothe answer is going to come after
a long sequence of interrogations to the members
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of the system, maybe 100 or maybe even 1,000,
Obvionsly yon can’t batch those.

Hreerin: 1 believe that what Taube snid has
some validity. I do not think one c¢an talk about
the response time of the console independently of
the size of the collection. As the size increascs,
the response time almost certainly lhas to get
longer. It may not be a linear function, but it
will certainly get longer. The question of the size
of the collection is very important and cannot be
erased even with consoles nnd these split files.

Bucrkrann: What additional datu, other than
that on a library card, are to be stored in this
way? I can’t think of a very complicnted question
to ask of the data on a library card. While you
people are tlinking about converting files how
about. thinking about putting a little more data
in the file? Then I can think of more complicated
questions which ought to justify the use of a
console. Right now it is a poor second to a book
index made from the same data.

Dusester: I wonld like to emphasize the point
that King made about the necessary dialogue
making batching difficult. Reference librarians
know that 9 times out of 10 the person who nasks
the guestion doesn’t know the question that he
should be asking; he is approximating the ques-
tion that he wants to ask. If you have faith and
just batch his question, the probability is that you
are going to answer the wrong question. This sug-
gests that there should be a dialogue between the
system and the inquirer.

Tause: Dialogues with catalogs, in my expe-
rience, are not statistically very important. Now
I will admit that there is sometimes a great ambi-
guity and uncertainty in the mind of a searcher
concerning what heading he should use, but there
are other ways of handling that. For example, we
developed a system called “analog search.” In
other words, you can ask for a search of logical
sums, if you wish, by specifying 10 terms and then
saying, “I’ll take the item if it has any 9, any 8,
any 7, any 6, any 5, any 4, any 3, any 2, any 1
of the terms.” We can handle that question in a
batch because it's a formal question. Now if you
say that we cannot succeed in library automation
until we supply a question and answer between a
store of # million books and every individual who
comes into the library, I despair of the realism of
this type of approach. But then I’ve despaired
before and the world goes on.

g8

Winnianms: It just occurred to me that one of the
basic problems that seems to be facing the ma-
chine people here and the librarians is the velative
magnitude of the files and the information that
the machines have to handle, but when there is
a mnch smaller store you can get quicker access
to it at relatively cheaper prices in terms of fre-
quency of use. One of the things that we now

. know abont libraries, but so far in this discussion

have forgotten, is the following : most of the mate-
vial in libraries is very infrequently used. . This
would suggest that if librarians could define more
accurately the materials which are frequently used
and the types of questions most frequently asked,
access to this material could be automated and you
could have fast access to it; the rest could stay
on the 3 by 5 cards, and delay in access to it could
be accepted becanse this would happen infre-
quently. This kind of an approach might be a
practical one for utilizing the present limitations
in capacities of the machine.

Taunk: If we could predict our problems it
would be o lot easier. The difficulty is we can-
not. My teacher, Alfred North Whitehead, used
to say that you could burn half the books in the
British Museum and nobody would know from
now to the end of time that you had burned them.
The only problem is, which half?

Lispy: If we technologists are saying to the
librarians that we can allow yon to provide essen-
tially the same convenience of service that you now
achieve through these bits of pasteboard by mech-
anizing, then I think the technologists should
just leave. If one talks about automating the
bibliographic control of the library, then it must
be for the purpose of providing this dialogue
kind of operation. I cannot conceive of letting
a user submit a question and then, after batch-
ing, the next day or an hour later answer the
question, only to find out that he would have been
able immediately to modify the search trail if a
librarian had asked him a question or even said,
“Do you mean this or that #”

Tause: One practical answer to that is what we
call in our organization a man-machine informa-
tion system. We would never think of putting any
question, whether simple or complex, directly into
the machine. The question passes through an in-
terpreter. In many cases, where the questioner
understands what you have, there is no require-
ment for dialogue—there might be just some sub-
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stitution of terms. In the cases where the user does
not, know anything about. the system, he is asked
abont his question before it goes into the machine
and the dialogue takes place outside the machine.

Parrtox: I would hate to see our thinking
constrained by assuming that we had to have
communication built into the consoles. There are
a multitude of problems that can be solved now,
with presently available equipment, to start our
learning and to build up this large file. We need
the file built np either way. The communication
mode, this conversation mode on these consoles, is
a highly experimental laboratory device right
now. There may be one or two military operations
going, but. these are very, very few; they are ex-
pensive; they are ont of sight on price. This is a
“gimmick” todny. There are several experiments
going on—Carnegie, MIT, Ramo Wooldridge,
Rand Corporation, and SDC—where people are
playing with these devices. These devices are not
what I consider commercially available, reliable,
24-hour-a-day, useful working tools that we know
how to handle. This is something I can think of,
but being able to deliver it reliably is not anywhere
near in the same class as doing payroll applica-
tions on a computer.

Tause: The danger of this approach is that by
emphasizing the console and the dialogue, you take
away from the librarian his obligation to formalize
his problem and that is what he must do. If the
librarian waits for the console and assumes that
when it. comes he will engage in dialogues and not
have to formalize his problem, this will delay
mechanization.

Let me give you one concrete example. We run
two systems for the Cancer Chemotherapy Na-
tional Service Center of NIH. One system deals
with the action of ordinary drugs on tumors in
mice; the biologist has been able to formalize this.
He has said, “If the results are so-and-so, let me see
them; if the results are not so-and-so, keep them
in your machine; I don’t want to see them; print
them out when the experiment is over.” He has
given us formal instructions, and he sees maybe 1
out of every 1,000 test results that come into the
machine. There aren’t enough biologists to look
at them in all of NTH.

On the other hand, as part of the same program
we run a series of tests on endocrinology in which
they reauire bio-assays before they do the tests.
Now on this there is no agreement as to how the
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compound should act. The endocrinologist has
not been able to formalize his problem and the ma-
chine doesn’t. help him, because he has to look at
everything that comes in. Now you can say that
what we ought to have for him is a dialogue, but
it is much simpler to give him the wholz business
and let im make up his mind what to do with it.
He realizes his situntion is bad compared to his
conferees and he is trying to state a set of rules,
to formalize his problem. When he does, he will
cet the snme benefit from the machine.

Swazson: I don’t agree with your fear that the
use of the console is going to take away from the
librarian the responsibility for formalizing his
processes. I think that it, in fact, forces him to do
just that, and without such consoles he is going
to be mechanizing a system in which he is still
keeping for himself the functions he is now per-
forming in nonautomated systems. I will con-
cede that any kind of mechanization will, of course,
have to be preceded by formalization, so X don’t
particularly consider that a strong argument either
for or against consoles.

I cannot understand Patrick’s concern over the
issue of relhability of consoles. To be sure, they
are a good deal newer than computers are. How-
ever, it would be astonishing to me if engineers
couldn’t overcome reliability problems that now
exist. If you are working on a time scale of a few
months, T am sure this is of great concern, but
people who are planning mechanization of large
library systems are probably going to do it on a
several-year time scale. The consoles that exist
today have been generally custom built; to a de-
gree they have been experimental. As soon as
a genuine, marketable requirement can be estab-
lished, I am confident that they are going to be
mass produced with the same degree of reliability
that computers have.

‘Orne: I am one librarian perfectly willing to
accept the fact that the machine people can design
a machine that can handle all of the countless num-
bers of units that we need. This paper describes
how information in card catalogs can be put into
such machines. It has just been said that we
would have to formalize our work if it were to go
into machines. We kave formalized our work.
One thing is not in the paper, and this is the one
thing that we are all looking for——a discussion
about deeper analysis of the materials for library
users. We can go to the library catalog and con-
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duct this kind of question and answer business,
or we could put it into a machine so that this
question and answer business can be conducted
either mechanically or visually; the only variation
is in the amount of time it takes or the amount of
expense one is willing to put into it. These papers
offer some very ingenious solutions for ways and
means of incorporating material into the machines.
We know it can be done. The main question still
remains: How does this take us further than
where we are now? We probably would go with
you, and eagerly, if it took us somewhere further.
And whether at comparable expense or expense
that is foreseeable to be paid in 10, 20, or even 50
years, we might start planning for it. But you
have not shown where it. will tnke us beyond the
point. where we are now. This is my sole argument
with machines.

Lieey: Your statement that the paper does not
indicate how the automated catalog system could
allow you to do much more than is done now with
present methods is a valid criticism. However, I
believe the paper does express the thought that the
insertion of terms at. a console and the use of a dic-
tionary process to respond to each of these inserted
terms to retrieve and display the pertinent catalog
entries (which either have these terms as constitu-
ent elements or are related to these terms) would
represent a greatly expanded capability over what
you have now in the manual operation of the card
catalog.

Orne: We have the same thing now on cards;
we have see references and see alsos.

Lieey: No, you are presently more limited. As
a librarian, Orne, I believe you will admit that the

_entry into a card catalog seeking a term does not

guarantee the retrieval of all of the cards that may
have included this term as a significant element.
The catalog allows you to go to see alsos to the
extent that on an a priori basis you have made an
intellectual decision that there should be a see also
card. I would venture the guess, however, that
this is quite limited compared to what could be
done, in principle, with an automated catalog
system.

MinpER: May Isuggest a rather elementary, but
nevertheless real, example. The Censns Bureau
recently supplied us with the 1960 census on
tape. It is possible, with the aid of the computer
and the reference librarian, to get more data more

quickly from the 1960 census than was previously
possible. These census data are used over and
over again by the students and faculty, and it is
possible in our program to determine how fre-
quently certain questions are asked. These ques-
tions will be put on a slrorter program which will
run more quickly. This is an example of the kind
of thing we are talking about, although it is very
elementary.

Dugester: If one concludes that an automated
catalog will do about tlc same things we do now,
then possibly the question “Why bother?” would
be appropriate. However, there is this to observe
also: the catalog, whether one likes it. or not, is
central to every bibliographical operation in a
library. When the order clerk makes up a requi-
sition, when the book comes in with an invoice to
be cleared, when the preliminary cataloger makes
n preliminary catalog card, when the cataloger
prepares the final copy, and finally when the card
is printed, the same information is generated over
and over again. With automation, once informa-
tion is entered in machine-readable form it is part
of the system and you do not have to do the same
thing over and over again.

A second advantage is being able to be self-
conscious about the experience of the system, with
respect to the kinds of questions asked, the number
and type of subject headings that are applied, and
the throughput rates of various parts of the
system. One of the reasons that librarians have
not been able to answer questions about costs is that
they really haven’t known how many times sig-
nificant functions are performed in the library.
They haven't been able to do the analysis which a
machine system can do.

This leads me to another point. The thing that
librarians must save in the future is not money as
such, because money is, after all, an expression of
a social value judgment at a given time and a given
place. The real shortage that we are going to
experience is the skilled manpower which is get-
ting more and more scarce. We are not able to
find the searchers, the typists, the people with
language skills, and the catalogers. This is where
we are going to be in a critical position. If wecan
do the formalization, optimum utilization of
skilled manpower is one of the benefits of auto-
mation, with or without consoles.

Taune: Just for the record, we have had some



exchange here and we have had two papers. Now
as I understand the two papers, the mode of access
recominended in the first paper is a linear file with
batched inquiries; in the second paper it is console
access. I had assumed that this meant random,
now I’'m not sure. Could this be clarified ¢

Liney: It is not linear.

Patrick : State of the art means all things to all
people, and this is the trouble here. State of the
art to the men in the laboratory is 10 years distant
tome. That isthe difference in the two papers.

Buckranp: I want to comment on Orne’s ques-
tion of what could be done that is new with the
console. I think that, rather than use the word
console, we should use Swanson’s definition which
is “intellectual access to the information.” Now I
understood Orne to say that the cataloging process
was a formal one. I would contend that, in the
sense of Taube’s definition of formal, that subject
cataloging is not a formal process.

Tause: Nor is descriptive cataloging. Since
1938 librarians have been fighting about the rules:
obviously cataloging is not a formal process.

Buckranp: It is not a formal process, and the
reason I think it’s not is that its basic medium of
communication or interaction is language. Lan-
guage by its very nature is an ambiguous form of
expression. Now if you want to be unambiguous,
you develop a branch of mathematics; you can
sny things precisely with a branch of mathematics.
The thing that is wrong with it is that you can’t
sny anything new. You develop a branch of
mathematics which encompasses a certain scope,
and to go beyond that you have to develop another
one. Now in contrast to that you have language
which, somchow, as ambiguous as it is, always al-
lows you to express something new. People com-
municate with it all the time, and they don’t do it
on a one-shot basis. They say something, get a
response, and they continue back and forth. Now
this intellectual access to the file is going to be an
analog of this type of communication; it may
involve lots more than is now on catalog cards.

"Epmunpson: I would like to defend Libby’s
paper; I think it was responsive to the initial re-
quest placed upon him. It does describe a state-
of-the-art view. Someof the questions have caused
me now to wonder if we are not facing the same
problem we have often faced before, I would like
to make it very clear that we should keep in mind
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the distinction between the computer ~nd the pro-
gram. It has been very fashionable to (»'. ubout
a chess-playing machine, a chess-playing computer.
What plays the game, badly or poorly, is not the
machine, but the program. The librarian’s pro-
grams will have to be designed for his needs. The
consoles described in Libby’s paper are accurate
representations of presently existing hardware.
They may not have the programs that meet your
requirements at the present moment.

Hererin: While listening to this discussion
about consoles I tried to formulate a definition of
a console. All search is identification, but in a
library search we do not identify a zhing until the
end of that search. Until we get to this final act
of identifying the thing we identify classes. Now
to identify classes we use a kind of switching sys-
tem. We find classes common to several larger
classes by intersection ; this is the basis of deeper
indexing and of intersecting terms. However,
to find the original terms, we first enlarge the
search by taking a logical sum. This is what a
thesaurus is. A thesaurus is a preliminary en-
largement of classes to ensure finding more usable
classes for intersection later, which cuts down on
what Taube has called the man-machine dialogue.

Now what is a dialogue? A dialogneis only a
series of intersections, logical sums, and negations
suggested by the trail in the catalog. A see alsois
either a logical sum or an intersection. Thus, by
console dialogue we really mean the following:
How much of the logic of search can we predict,
i.e. program, and how much do we have to extem-
porize? In general, the greater the association
built into the system, the less the necessary dia-
logue and vice versa.

Lissy: I feel that my paper has been identified
as being in the category of the “blue-sky.” I would

-refer the readers, or potential readers, to page 78

where I point out that a typewriterlike device
would be an acceptable interim console. I thor-
oughly believe that if one is progressively planning
an automated library one has to admit that the
reproduction of remotely stored microimages by
1v-like presentation should be taken into account
as a future possibility for a library. Therefore,
I tried to outline the kind of display that should
eventually be used in an automated catalog sys-
tem. However, I repeat that as an interim meas-
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ure this console could be an electric typewriter in
its various forms.

One other point: a dialogue does not have to be
the posing of a structured question. It can be the
insertion of simnple terms, much as we use a book
index. It is true that logical intersections and
such can he accomplished as a result of the inser-
tion of terms and the response from the file. But
I am not proposing the use in the near future in a
library of the “blue-sky” type of effort such as
fact retrieval and so forth. I feel that a book-
index kind of operation could be expanded to be
very useful in a mechanized or automated catalog
for bibliographic information.

Tause: I was asked to say something more
about the notion of “formal.” Here are a few
simple examples from library situations of what
Imean by formalization.

Every librarian who uses a dictionary catalog
knows that when the number of cards behind a
certain heading in the catalog gets too big you
subdivide the heading. If youhave too many head-
ings under v.s.—HISTORY, you then subdivide it by
U.8.—HISTORY—WAR oF 1812, or if that gets too
big you use U.8—HISTORY—WAR OF 1812—BIOG-
rapHuIes. There is a rule of thumb as to how these
things are divided.

Now suppose you are going to do this with a
computer, and the computer has been instructed
that if there are so many cards under a heading it
should subdivide them. The compn:ier says, “How
many?” Then you say, “I don’ know,so many!”
The computer says, “Give me a number!” That’s
what I mean by formal. It’s as simple as that.
‘We have worked out such a rule in one of the par-
ticular systems which we are struggling with. If
we have a heading rapaR and another heading
AIRBORNE RADAR, the computer counts the number
of headings under AIRBORNE RADAR; if there are
less than a specified number, it eliminates them and
puts these items under kapar. If thereare already
too many under RADAR, it counts the entries, takes
them out, and puts them back under AIRBoRNE
RADAR. The point is that this is & rule whereas for
the first 2 years of working at this thing we had
people going through the file marking, writing,
and saying: “Take these headings and put them
here and take these postings and put them there.”
The moment we worked out a rule we put it into a
computer, and the computer does it. And that’s
what I mean by formalizing the problemn.

That is subject cataloging. Now to turn to
descriptive cataloging with an example I have
used many times; many of you know it. The three
great national libraries of the world are in Paris,
London, and Washington. For the one in Wash-
ingtor. the official heading, according to the rules
of the ALA and the Library of Congress, is U.S.
Library of Congress; the one in Paris is Paris.
Bibliothéque nationale, not France. Bibliothéque
nationale. The one in London is neither Great
Britain. British Museum, nor London. British
Museum,but British Museum. Now here you have
the three national libraries; the headings are all
different.

Crarr: How do you explain this?

Tause: You have a rule. You have an excep-
tion to that rule—-

Crarp: That was a rhetorical question !

Taune: All right. The point is that this is the
kind of thing you can’t tell a computer to do.
Some individuals have decided this on the basis
of a rule, an exception to the rule, and an exception
to the exception! If you want to get payoff from
the computer you make a rule, and that’s all T
mean by a formal procedure.

Crarp: Speaking of your numerical rule, I was
once a member of the Decimal Classification Edi-
torial Policy Committee and we were trying to
decide ou what basis to expand the Decimal Clas-
sification. After some rumination we came to a
rule exactly as you described. The rule was that
it there were more than 20 books in the Decimal
Classification catalog under one item, subdivide.
I bring this up only to mention that when this
rule was published and got to England, the British
Decimal Classification people objected ; they said
every book ought to have its specific number, even
though there was only one item under that num-
ber. Now this is the opposition here, you see,
which needs to be resolved.

Tausk: Libby states that his paper ranges from
the tutorial to the speculative, and he expects that
the speculative part will occasion much disagree-
ment. One of the major problems that confronts
the entire scientific establishment of the United
States is the question of how far ahead shall re-
search be undertaken. I have in mind basic re-
search, and it turns out that a number of people
in Government have been looking at the kind of
research supported by the Federal Govurnment.
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In some areas there is no serious problem—if you
want to build so many miles of road or if you want
to build an airplane, you either build the road or
you don't, or the airplanes fly or they don’t, or if
you want to get a missile up in the sky, the missile
goes up or it doesn’t. Now in these types of tech-
nological work we do have standards, but when it
comes to basic research, measuring its validity
becomes a very difficult problem indeed, and deter-
mining how much money should be spent for this
kind of thing becomes a very difficult problem.

Let us bring this down to the problem at hand:
the argument for or against the console. I am con-
cerned at this moment with what the librarian
should do about this problem. As I watch my
audience, I can see the librarians reveling in the
fact that the machine people are arguing among
themselves. This seems to remove the onus or the
burden of decision from the librarian. They can
sit back and watch the machine people argue as to
which isthe best way to go and they can say, “Until
the machine people make up their minds, I don’t
have to do anything.” Now if librarians follow
that course, by the time the machine people make
up their minds there wili be nothing left for the
librarian to do.

AwcerL: T make this remark with great reluc-
tance because it is characterized hy complete trivi-
ality, but if T understand you correctly, you have
just said that while the machine people are argu-
ing and making up their minds, all librarians can
learn to be paleographers.

BrisroL: I have a question regarding the text of
Libby’s paper, page 86. There is this statement:
“One can start by assuming that any initial library
query will be based on the use of language, and
further that the initial expression for desired in-
formation should generally consist of not more
than 5 to 10 significant *erms (names, words, etc.).”
This seems to me to be dubious in the light of
ordinary reference service. We usually don't get
10 significant terms or anything like it.

Linny : The 5 or 10 reflects an uncertainty on my
part. I would suspect the maximum would center
about George ! liiler’s magic number—7. Human
beings tend to characterize, at maximum, any
given concept of thought, off the cuff so to speak,
with somewhere between 5 to 10 descriptive items.
I can’t back this up with any citations, but, at a
console, I believe that you would not expect the
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initial entry of terms describing what & person is
groping for to exceed b to 10.

Wannerr: Inasurvey madein the AEC,over 90
percent of all the inquiries were three terms or less.

Tauvse: I think that most questions are much
simpler than people suppose.

Dusestrr : We do not know whether people pose
questions in three terms or less solely because the
present system is designed to accept such questions,
or whether they would provide seven terms or more
or less if a different system were available. In
other words, we really are not prepared to make
this comparison.

Taunek: It i< recognized that the index to Chem-
ical Abstracts, until recently, was the most schol-
arly, the most complete, the most detailed, of
all scientific indexes. Chemical Abstracts’ sub-
divisions and their modifications go on to about
the fifth subdivision. By the time you get to the
fifth subdivision, that .s modification under a
heading, you select one out of a million items.
In other words, the amount retrieved by that last
subdivision is usually one abstract. Now this indi-
cates that asking for a product of seven or eight
terms is probably going to screen out information
and is probably too specific a question even for
very large files. Does anyone want to comment?

Liey: I attempted to set an upper bound. Iam
pleused to hear that the initial entry of terms av-
erages about three. This would certainly help
the throughput situation in the mechanized or au-
tomated catalog.

Tause: This is an area where we would be
better off if we liad somne specific numbers. As
many of you perhaps remember, at the beginning
of the study of machine methods one of the riajor
problems discussed was superimposed coding—
the question of how many codes could be put on an
IBM card or on an edgenotclied card. The reason
why this work turnied out not. to.have the impact
it should have had on the library profession was
because, in order to calculate the order of super-
imposition, one has to know how many terms there
are going to be in the question. You can stand
a certain degree of supevimposition if somebody
asked for a 7-term question, but.if they ask for only
a 2-term question with that degree of superimpo-
sition you’ll drop the whole deck. Therefore, this
whole discussion of superimposition has disap-
peared from the libvary literature, largely because
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we don’t really know how many terins people use
in asking for materinl.

Warngrr: There is one dangerous element here,
and this is the fact that when the inquirer ap-
proaches the librarian he is often apt to generalize
his question for fear that he will not be under-
stood. T have a feeling that in talking to the con-
sole, to the actual store, he might be much more
specific. At Oak Ridge we were often asked to
“send everything you’ve got on it.” When we went
back to the original requester we found he had a
much more specific question.

Parnick: It doesn’t make any difference how
many terms you give, you can’t get too much, be-
cause we'll guard you against this. If you get
over 50 items potential response, we’ll say, “Look,
you will get more than 50, are you sure you want
them?” You'll come back and ask the question
again.

Tause: I’'m now going to use a dirty word that
hasn’t been used in the whole meeting—uniterm.
‘When we first made & manual uniterin system, we
had certain ideas concerning the distribution of
postings. We knew as we counted the postings
that accumulated under various headings that we
had certain safety areas and certain troublesome
areas. What we realized was that headings with
less than five postings were too specific to be good
retrieval points: the file tended to branch out into
one posting under an almost indefinite number of
headings. We realized that we also had headings
which were not good retrieval terms because they
retrieved half of the library. We knew that there
were two things to do: for headings with few post-
ings a check would find that these terms either
were synonyms for terms that were already in
the catalog and which therefore could be elim-
inated, or that they were too specific and you could
post on a higher generic level and eliminate them.
Of course, if it were a genuine new term it would
remain unchanged. Similariy, terms with many
postings were too general; they retrieved too much,
and therefore they were examined to see ,whether
or not they could be subdivided into more specific
headings. Now I bring this up at this point be-
cause we knew all this theoretically, but we could
never do it. For 6 or 7 years this whole idea was
observed in the breach until we went on computers.
Then this was duck soup, because we could count
and we could organize and reorganize our file
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everyday so that it could be of maximum utility
to the retrieval operation. This is what I mean
about the comnputers; if you can formalize and put
in & number, the computer can plan the distribu-
tion of postings in the store.

AnceLn: What does this have to do with the
user, the public? What do you menn by some-
thing being too specific? There are at least two
aspects to specificity: the specificity that is pos-
sible, which is a function of the system or of the
language, and there is the specificity which is de-
sirable. Now what is too specific?

TauBe: This seems to me to be what Verner
Clapp was pointing out when he said that the Eng-
lish refused to abide by the statistics. When you
design a system like this you’ll always have people
say, “I'm not interested in statistics, this is the
heading. I'm not interested in accommodating my
indexing system to your machine, I am interested
in the user and his point of view.” I submit that,
as librarians, the only thing we know about the
user is that the more cons'stent our apparatus, the
easier it is for the user. This it seems to me is the
important thing about a computer system; if we
can tell a computer how to set up an index, we can
certainly tell the user how it has been set up. But
if we can’t tell the computer how it has been set up,
chances are we can’t tell the user either, because
we have no formal rules and the user has to guess
what the indexer has done. .

Buckrnanp: Eliminating these terms with few
postings to file under them is not the only possi-
bility. One could just establish the connections
internally and allow the user to query in his own
langnage, which is likely to be specific, as Libby
has suggested. With a console operation you can
bring up these correspondences and allow users to
work in a less constrained language.

Tause: There are all sorts of ways this could be
done. I might add that when I say eliminate, we
eliminatis it from the printout of the index. We
never eliminate it from the store of the computer,
so that if later on a term becomes popular, we have
had it in there, and at any time we can restore it to
the indexing vocabulary.

OrNE: There is a tradition among librarians
that has kept them trying to find & way to be con-
sistent for some 50 years. The fact is there is a
great deal of consistency in the library business
despite the failure to reach accord on the catalog-
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ing code, or the filing code, or other things on which
the British won’t agree with the Americans.

It seems to me there is a fair amount of in-
consistency within the machine profession. You
have just gone back to the *unitermites,” which I
called them some 15 years ago. To me they’re still
“unitermites” and there are a lot of people that
think the same about them. But they probably

have their place, and they work for certain things.

T only wish that in your language, in your own way
of speaking, you could communicate with us as
well as I think we are communicating to you what
our problems are. We have tried many times to
state what we want. You have tried thisevening to
put the resolution of the problem back into the
hands of the librarians. You tell us, “This is your
science.” We know what we need to get out of it,
but we don’t know how. This is why I am here at
this meeting, and it is the first meeting of this kind
that I have attended in 10 years. This doesn’t
mean that I haven’t read the literature. We are
still at the same point, as far as I can see, that we
were 10 to 15 years ago. We are not communicat-
ing any better.

Tause: Ithink you raized a serious point. This
moves me to quote an epitaph I read some years
ago that ulways struck me as very profound :

Here I lie, bitten to death
By the upperdog and the underdog,
While trying to get in between them.

I well appreciate how the librarians have worked
to develop consistent rules, and I certainly think
that the only thing that is going to make the ma-
chines work is the consistent pattern of rules de-
veloped by the librarians. But that means that the
librarian cannot stop; he must go on working on
this thing. He can’t say “I’ve gone so far, you take
the ball ; you do it better than I can do it.” That
isno answer,

Emrina: This is where I get bitten between the
two dogs. I confess I know nothing about li-
brarians or library science and not very much about
computers, so this puts me in an excellent position
tospeak. Ihave the feeling that the first place for
mechanization is in processing. Hopefully, the
processing operations, which are complex, book-
keeping kinds of operations, the things people
know how to do on computers, might well be car-
ried out more economically mechanically than
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manually. If this is possible, then the biblio-
graphical benefits might come to you largely for
free. The mere fact that you could set up your files
to do the processi'. would give you a nice start
down the line toward bibliographical search.
Now this is ¢the way many of these things get
started; there is an evolutionary process. You
don’t create a grand and glorious system and wait
until you can realize it. You find some way of
building into it.

This processing, if you’re going to prove it in,
is purely a matter of cost accounting. This seems
to be something that is missing—your necessary
cost data—but I don’t think it is at all hopeless to
get it. There isa way to work into mechanization,
but there is information on cost accounting which
all of you really ought to be working on to see
if you can prove this thing in.

Now the other possible benefits from automation
are in your bibliographical or search processes,
and as I listened to this discussion I had some
doubts. The question was raised by one of you
gentlemen: What if we build our files on the pat-
tern of the catalog that we have right now; what
will the machine do for us that the catalog won’t
do? Now, it seems to me that it won’t help a great
deal if we only ask simple questions. If we pro-
pose simple questions and can get direct answers
a manual search in the catalog is probably just
about as good as a machine search and saves a lot
of machinery. But there is one thing that you can
do here: you can benefit if there are long and com-
plex questions, because if you must “see also” this
and “see also” that, you have a very long process
if you go at this manually, and we all know that if
it is long enough it becomes discouraging sand peo-
ple won’t do it. You don’t really know what the
situation 1s, but you suspect that people don’t use
the hibrary catalog as they should because it is just
too much work. This is an area where the
machine can do something for you because it can
shorten this long and involved search process, but
here again I find some missing links. You are
asking the question: Should we have eonsoles or
shouldn’t we? I don’t believe that is the question
at all, because that obscures the definition of a con-
sole. It seems to me that if this long search proc-
ess really is the reason we want a computer, then
you must have some sort of a dialogue with the
computer because otherwise you have to program
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into the computer every contingeney that anyone
can ever think of. This doesn’t sound very sensi-
ble. I think the real question is not whether we
need conscles or not, but rather, to what extent is
this complex search important tous? We ought to
know to what extent we have these long searches.
Then the question, as I said, is not: Do we want
consoles or not?, but: How simple or complex
should the console be? What is the reaction time
that you need to compete with the manual scarch ?
These are the things that dictate the kind of con-
sole you need. T don’t want to give you a lecture,
but I just wat to te}l you what. it looks like to
an outsider. '

Warnrir: Asa person who has had one foot in
each camp, I'd like to say frankly that the ii-
brarian has had 50-odd years of experience, where-
as, in the information retrieval business, the
computer man has had less than 3 yeurs of experi-
ence. Fe has had experience only with relatively

small files, and he doesn’t really know what he can -

do or what the machine ean do. This is why I said
this morning that the computer will do certain
processing work for you. This the computer man
knows; he knows the various clerical functions,
and the compnter manufacturer has been taught
by the users what the applications are. It’s been
very interesting io me in the computer field to
watch us pick the brains of the user to find out
what we can do with the hardware, I agree that
the beginning will be in varions processing and
clerical functions in the library Then the li-
brarian will find ont, on the basis of his total ex-
perience, what the computer really can do. We're
speculating, at this point, and anything the com-
puter man says is just second guessing.

TauBe: A few years after computers were in-
troduced, Business Week published an account of
the use of computers in business, and 50 percent of
them were admitted failures in business applica-
tions. I think the score is a little better now, but
one of the things that the business community
found out was that you couldn’t take a computer,
set it in the midst of the same type of organization
that you had before, and expect to get a payoff
from the computer. I have said before that the
first automobile was a smelly toy and obviously not
as good as the horse and wagon to get around with.
There were no spare parts; there were no roads;
tires were bad; it was a rich man’s toy. But the
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automobile remade its environimnent. Now maybe
this wasn’t a good thing; maybe we’d rather go
back to the horse and wagon, but as it remade its
environment it began to pay off,

Now if the librarian says, “This is what I do;
this is 1y pattern of service; put a computer in
my library, and show ne how it will do it better,”
the answer is, it. will not. You might as well face
that, it will not. Librarians have been smart
enough to develop various instruments which do
what, they are designed to do fairly well. But are
librarians willing to change the way they have
been doing business because of new mechanical de-
velopments? Now again I've seen this in industry.
We are consultants for a large chemical firm that
has a lot of computers. This fivm prided itself,
before getting the computers, on the decentraliza-
tion of its operations and on the fact that its var-
ious managers didn’t talk to one another. Well,
putting a computer in the center of this business
didn’t do any good ; nobody would talk to it. No-
body would use a common language; nobody
would give it codes; nobody would give it infor-
mation, becanse then it might be available to the
other manager, Well, this failed. In order to get
the computer to pay off, this company had to re-
organize the way it did business. Now if you say
that the librarian .s content, that regardless of
what types of advances there are in technology
that we stop with the typewriter and the 3 by 5
card, you might as well forget the computer.

Patrick: In justifying a comput-r installation
there are five things I look for. AnytimeI can find
& volume application which is well defined and re-
petitive, this is a candidate for automation. If
it’s well defined and repetitive and occurs in suffi-
cient volume, I'll look at it at no cost to the client.
T'l1 look at his cost, predict future cost, and we can
justify it and go or not go on a strict cost basis.
You all have such an application with these huge
files, and this is why Libby and I both wrote about
lIarge files. You don’t have this in a collection of
100,000 or less; in a file of over a million entries
you do have such volume.

Another potential computer application is any
application which requires sterile handling—where
you must be absolutely sure of control of the in-
formation, control of the file, and can tolerate no
errors. This is a computer application, and al-
though the cost may be excessive, the quality is
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worth it. Most of our classified document files
are on compnters just for this reason. I can bond
and cecurity check 1, 2, or 8 individuals and I
don’c have to security clhieck 500. All of our mili-
tary security is this way.

A third way I recognize a computer applica-
tion is by determining whether the application
is so complex that a human being cannot do it
properly. With compnter techniques there is a
hope, just a prayer mind you, that we can get it
done right jnst once. If I can do this right just
once, I'll code it, and I'll get somebody else to
chieck my coding; I'l] put this coding, this pro-
gram if you will, in the computer, and then I can
do it right every time. An example for you who
are mathematically oriented is the solution of Iarge
sets of simultaneous linear equations, say on the
order of 20 or more.

A fourth potential computer application con-
cerns response time. If there is a strong payoft
function-vs.-time, 1f the risks attendant to delay
are significant, then you have a computer applica-
tion. This is where the military money is going;
we call this command and control. We've got
about 30 minutes froin the time the Soviet Union
fires a ballistic missile at our country to do some-
thing, and we don’t have 31 minutes, and e don’t
have 35 minutes; the penalty for delay is beyond
comprehension. Consequently these are computer
applications. You probably don’t have any of
these in librarianship because nobody is that
interested about getting that book.

The fifth way, and this again has some meaning
for librarians, is a situation requiring multiple
hands in a file that must be current. This is some-
thing which, I’m sorry to say, you haven’t brought
up to me today, and it’s my duty to bring it up to
you. If you publisl .. book catalog once every 6
months, that dog i~ s 80 days out of currency—
old, if you will---on the last day you use it. We
are all aware of tIin delays in publication. In the
scientific and aerosy:.ce fields, where I work quite
frequently, that kind of delay is absolutely intoler-
able. Consequently we use computers to keep these
files; we can make many selections from the same
file in a very short period and the file is always
current. This is the main reason for putting the
bibliographic file on the computer and interrogat-
ing it with consoles. 'When you interrogate it with
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a console, you are interroguting the current hold-
ings of the library.

On the airplane coming in, just for the fun of it,
I figured what. it would take to update the National
Union Catalog if T had it on magnetic tape—cur-
rent, techuology—the kind of hardware we con
order today from IBM, CDC, RCA, and soon. It
would tnke 10 hours. Now that’s a long tiine in
my parlance—it is nothing to you. It would take
only 10 hours te process all the daily reports
against the National Union Catalog and have a
cnrrent copy of the National Union Catalog with
14 million entries in it. Therefore, every night
after most of the people go liome the day’s acquisi-
tions could be processed and when everybody comes
to the library the following morning the catalog
wonld be current. Now, I dou’t know what this is
worth to you, but you’ve never experienced it
before.

Computer technology is ouly 13 years old. In
that 13 years computers have increased in speed by
about 4 orders of magnitude: that’s 10,000 times
in speed. Computers have been reduced in price
alimost 2 orders of magnitude in that same period.
So our cost-per-dollar ratio is 10° times what it was
when I first got into the field. I hate to overstate
the case, but it’s almost a revolution in technology.
‘We can do things now for pennies that it used to
take & research librarian monthstodo. I thinkyou
should be aware of these things.

Tausk: I made the point earlier that the librar-
ian has depended for much of his bibliographical
service not only on the card catalog but on the ab-
stract services and on the indexes sponsored by the
scientific societies and other organizations con-
cerned witl processing bibliographical informa-
tion. Now it may turn out that these organizations
are going computer before the librarian does, and
these organizations will not print anymore. They
will not print the decennial indexes, and they will
not print the critical tables, because of the volume
of material involved and the paucity of use. The
librarian who wishes to serve his customers beyond
the monograph may have to key in with computer
systems which analyze the important scientific and
humanistic literature of his day.

Warnerr: To illustrate your point, Dr. Taube,
a couple of weeks ago the medical librarians on
the West Coast had a meeting, and I never met a
more sober group of librarians in my life; they
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suddenly realized that next year they were going
to get material on tape from the National Library
of Medicine. They have touse this matervial; there
is no question about it.

Dix: It seems to me that our concern here is, and
ought to be, what can we do to solve simple prob-
lems. T think some of us here need to know more
about this console and how it would respond to
the simple and most common kind of library
search : Do you have this book ?—and the question
following from that: If so, whereis it? Now how
is this question asked in terms of simple manual
operations? Does the scholar have to come in and
tvy to type something out on a typewriter? How
is he geing to feed this in? What is going to come
back to him? Can he do this in the same amount
of tima inn which he can walk to a tray of cards
and leaf through them or pick up a big book and
run down the column? Is it going to cost as lit-
tle? Now I know one answer, of course, is that
we don’t take this aspect alone because there are
a lot of other byproducts you can get here, and
I respect this. But, one by one, I wish we could
tackle these very specific and simple daily H-
brary operations; we need to know what the state
of the art is in this kind of thing. In other words,
is there a machine now on the market that will
take this store of knowledge and enable someone
to query a specific library and get a specific
answer at the same time that, let’s say, 50 or 100
other people are asking the same kind of question ?

F. B. Rocers: It seems to me that that kind of
question gets you nowhere. The trouble with li-
brarians is that they say all we want is everything.
You will never get anything at all in this way.
What the librarian must do is decide what his pur-
poses are and he cannot state these purposes in
large general terms such as: What I want to do is
to make my operation more efficient. He cannot
state these in very specific terms, such as: What I
want to do is to get a set of cards for one-half cent
a card. This absolutely will not do and will get
you nowhere. You must decide what your major
purposes are, stated in some terminology that
people can understand. You must not only state
those purposes, but you must rank those purposes
in some order; you cannot act as if everything you
do has an equal value on this scale. * I would say
that when the librarian does this, the real value in
getting together with machine people is to get some
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idea from their talk of what kind of new con-
strnints operate in their area and, by doing so,
begin to get some idea of the constraints under
which we now operate and of which we’re largely
unaware. You just get some ideas this way. But
you must tell them what your major purpose is,
and what you want to do'and not just say: Can I
get a console that I can ask, “Is this book in the
library ¢’ There is absolutely no percentage in
that, and we will get nowhere if that is the direc-
tion in which we go.

Lieey: Dix has asked two questions or a two-
part question. The first concerned the mechaniza-
tion of the control of processing of bibliographical
items within a library with respect to getting up-
to-date and quick answers as to whether an item
is on-shelf or where it is if it is not on-shelf. An-
other aspect is the storing of serial titles and get-
ting automatic lists as to whether they’re overdue,
and the preparation of bills or payments with
respect to acquisitions or services rendered by the
library. I believe that present off-the-shelf com-
puter equipment can solve these problems. I be-
lieve that they can be solved on an economic com-
petitive basis with present manual techniques and
with better performance than is now achieved. I
would suspect that in larger libraries there is great
uncertainty as to what has been received, whether
items should be paid for, and so forth. The pres-
ent state of computer technology can handle this
type of operation for a library.

Now the second part of the question, or my in-
terpretation of the ruestion, concerns the mecha-
nization of the bibliographic descriptive data and
the servicing of it to the user in automated librar-
ies. There is no clear cut answer as to whether this
is worthwhile on a dollar-and-cent basis. It is
going to have to be, I feel, a decision on the part
of the librarians as to whether the following type
of service is valuable, and I will try to answer
your question by describing how one might envi-
sion a user operation.

Is it worthwhile (this is going to be difficult to
answer) for & user to walk up to a device, and, if
he knows an author’s name, press a little button
marked “Author,” and then with one finger, pos-
sibly two, type in the last name or the last name
and initials? He types in, say, “Smith” and gets
an immediate response: “There are over 3,000
catalog entries pertaining to this name. Press the
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Authority-Catalog button and enter the name
again.” He does this and gets some instructional
material about looking under Smith, Schmit, or
is asked to put down some subject term as well as
the author’s name.

Suppose he starts by pressing a button that says
“Subject” (I'm not using subject in the sense that
you librarians use it), and he enters words that
he thinks pertain to the subject about which he
seeks information. He gets a similar indication
immediately from the device that 500 or 50 or 10
entries relate to the set of terms that he has entered
or, if there is no response from the catalog, it dis-
plays the relevant segment of the hierarchieal
subject categories and asks him to select terms
which he feels are closest to his needs.

Now it is beyond the technologist to decide what
this kind of service is worth in dollars and cents;
I think the librarians have to answer these ques-
tions themselves, not from an administrative view-
point but strictly from a user-service point of view.

Waruerr: I want to illustrate something on the
point Dix raised. I was in our Human Factors
Laboratory watching people work with the con-
sole. They were doing a rather simple operation
of writing invoices. The clerk had an order and
would go through a series of catalogs manually to
determine the code number, quantity, price, dis-
count, delivery date, and a few other things like
that. That manual operation was then compared
with the operation on the console where the clerk
pushed the button for the desired portion of the
“catalog,” and recorded from it. The accuracy,
speed, and throughput were much higher and the
error rate was much lower than in the manual
system. It wasa complete analogy with a person
walking up to a manual card catalog and going to
various trays and extracting information.

FussLer: It seems to me that in response to the
question of priorities, it may be possible to isolate
some of the issues and thus benefit from the present
company and further discussion. I would take
exception to some of the implications from Jerry
Orne, if he infers complacency with the existing
system in large research libraries over any pro-
longed period of time into the future. I think
the system is deficient in a number of critical re-
spects as it relates both to readers and to internal
processing operations, to the extent that these can
be separated.. Now this is an opinion and it is
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quite obvious that there may be different views on
it. It is hard to adduce much evidence on the de-
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‘gree of dissatisfaction of readers at the present

time, since studies with useful data on the per-
formance of readers with respect to bibliograph-
ical apparatus of large research libraries seem to
me singularly deficient and inadequate. There is,
however, a good deal of evidence with respect tc
internal processing or operating difficulties.
There are problems when the reader is trying to
deal with card catalogs with 3 or 4 million cards
and up.

For these reasons, and some connected with them
that I have not stated, it seems to me that we are
really obliged to move and move as rapidly as
possible to alternative means of handling these
problems, using as criteria either costs or benefits
and preferably both wherever it is possible to do
so. This would seem to me to suggest that the
issues for this group are how and where to start,
avoiding the two extremes that have been discussed
today. I move that we don’t wait for perfection
with respect to traditional library processes be-
cause we will never have it, and that we don’t wait
for the perfect system of automation because we
are unlikely to have that.

As to the second issue, it would seem that before
we start we should try, with the most sophisticated
advice that we can secure, to define the character-
istics of the long-term, basic, mechanized system
that is most likely to emerge, the requirements that
it would impose in terms of standard operational
procedures, and so forth.

I'd like to add a footnote. This is a matter of
personal choice in terms of priority, but I think I
am speaking for some librarians when I say that
the internal processing job needs to be cleaned up
before we can get into extensive expansions of
benefits for readers. Generally speaking, librar-
ians have moved hard in terms of applying avail-
able resources to increasing reader benefits.

Dix: Brad, would you define a little more the
kind of questions we ought to be asking? If you
think that I’'m asking the wrong question, and I
realize that it is a very elementary question, we
might spend a little time talking about what kinds
of information each group here needs from the
other.

F. B. Rocers: What I meant to indicate basic-
ally is that surely the question is not: How can I
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automate my library? This is a meaningless
question operationally at this hour in history.
First we have to identify as best we can some of the
crucial areas of our operation. We have then to
study carefully the size of the different factors
which enter into those situations. It is hard to
give an example because this is the most difficult
job in the whole analysis. At my library when
we began thinking about this some years ago, we
did put down on paper, with great agony, what
the problem was that we were attacking and ex-
actly what it was that we wanted to do. Today
those things seem so simple and so obvious to me
that I don’t see what other answers were possible
to us. I wonder how we could have struggled as
hard as we did to find these objectives. But it
was a struggle. I think, having identified these
crucial areas, we are going to have to make up our

minds realistically to some of the prices that we -

are willing to pay.

I have accepted and still do accent as a truism
the idea that it is efficient to compil “ibliographic
records centrally. All of my cou.cpts are built
along this line. If you accept this simple idea you
have to go another step and do some serious think-
ing about the standardization you will accept. Li-
brarians just won’t accept this kind of standardiza-
tion. To almost everything that is proposed, some
wise man from the East gets up and says, “But
how about this instance? It won’t cover this in-
stance!” Now we have to give up one thing or the
other. We cannot continue this kind of argument
about standardization and be unwilling to accept
standardization and talk seriously, at the same
time, about central compilation of the biblio-
graphic record. They’re just contradictions and
it won’t go. It seems to me that this is the sort
of thing that we have to begin to try to realize and
to act on. To me this idea of summoning up the
section on the “Smiths” on a console is such a
trivial purpose that I would not spend 5 minutes
trying to figure out how to do it or how much it
would cost or anything else about it. Now I could
be wrong about this; I said this is the way I look
at it. I think my advice would be to look for
some other area that is really important to do,
and let’s not waste our time with this sort of thing.
At least that’s a proposition for a debate, and it
might illuminate the situation somewhat.

Havyes: I am consoled, if you will excuse the ex-
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pression, by the direction taken by Dix’s very fine
question, which I feel is the appropriate direction
for any such meeting as this, and I think that
Rogers’ answer is excellent. I would like to com-
ment on it without trying to enumerate the set of
questions that the computer people might have set
down as those they want to ask the librarians;
essentially they fall into three categories: cost,
time, and function. Cost data are at best difficult
to get, and they seem to be extremely difficult in
the library field. I suppose it is because we are
dealing with a very complex intellectual process.
As a step in the direction of trying to answer
it, I gave a course at UCLA in which I had a group
of librarians and a group of people from the
School of Business Administration. I assigned
as a problem the development of a cost account-
ing system. The students started out, as librarians
normally do, by dividing it into functions, which
is a very reasonable way of cost accounting. But
there is another way of cost accounting which I
then suggested that they pursue—process account-
ing, in which you define, not functions that you
are performing, such as circulation, reference, and
the like, but the different types of processes which
are involved. This is a much harder thing to
cost out, but it is the type of thing that the com-
puter people want to know; they want answers to
such questions as these: What classes of questions
are we going to handle? How r~~idly do questions
have to be responded to? I..w much are we
going to pay for them? .

The effect of the computer has been mentioned,
and I think that the principal effect is that of
clarifying these questions. The effect very fre-
quently is that if you institute the changes or
clean up the processes, the computer is no longer
required. The program to carry out the intel-
lectual part results from the defining of these
processes that are involved in library work. As
to what role the computer can play, I agree com-
pletely with Brad Rogers—at least this was the
implication which I got—that the procedursal
aspects can very quickly and reasonably be placed
in a computer. How much of the intellectual
aspects can be, is debatable. Why the computer
people want to investigate the intellectual aspect:
is another matter; I suspect it is because it is
interesting and difficult.
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Evuswortir: Could I ask a question of Libby
and Patrick—In writing your reports, were you
able to lay hands on written statements by librar-
ians as to what we are doing and what our needs
are?

Lmny: I personally have not received a good
picture as to whether librarians are more inter-
ested in a smooth-running operation or in poten-
tial improvenents in service to the library user. I
have a predominant iinpression, from this meeting
and others, that librarians are interested in the
potentialities of mechanization primarily from the
point of view of making their job easier, rather
than serving and increasing the use of the library;
now that’s a personal impression.

Ervsworrii: I strongly suspect that the litera-
ture that we have written would sustain this point
of view, but I'd like to have some other views.

Parrick : I did a reasonable literature search at
the UCLA Library. I found only two documents
useful to me, one was the Schultheiss work that
came out of the Chicago study!” and the other
was Fussler’s report on book use.®

Taune: T might tell a little story which indi-
cates that, even though the computers take over,
there will always be work for those who are inter-
ested in manual catalogs. We got a call the other
day from a rajlroad company official who said,
“We understand you people have developed a
manual indexing system.” I said, “Yes, we have
developed such systems; what is your problem?”
He said, “We have so many computer tapes that
we need an index 1”

Now to show you that everything comes in twos,
I visited the Social Security Administration the
other day; they have 38,000 computer tapes, with a
manual library system for indexing and catalog-
ing those computer tapes.

17 See {tem 67, p. 189.
18 See {tem 3, D. 88.
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Crarr: A little note of acerbity has crept into
this session, and perhaps it is just as well, besause
this indicates the anxiety, enthusinsm, and frus-
tration which exists on all sides. It doesn’t do
any good to say I'm never going to come to an-
other one of your meetings unless you produce
something at this one! It doesn’t do any good to
threaten unless you do something right away, I'm
going to bury you! This is the whole point of
this meeting. Ladies and gentlemen, if the people
who wrote the state-of-the-art papers had known
what the participants were going to say, they
would either have not written the state-of-the-art
papers or they would have written them entirely
differently. The whole point of the state-of-the-
art papers is to excite you.

A while back you applauded Emling, who, as
I gather, was pouring oil on waters and doing a
very nice jcb of it. Nobody has picked up his
point which was that the introduction of a com-
puter technique into library work is to take care
of the complex question. I don’t think we’ve dis-
cussed this adequately, and it’s probable that we
won’t discuss any of the working papers really
adequately. It is certain that we're no. going to
walk out of here with answers, either from the
technician’s or librarian’s viewpoint, but I think
it is equally certain that we will all walk out of
here with an improved understanding of the whole
situation. Brad Rogers speaks with the certitude
of hindsight with respect to a very important oper-
ation. Ten“years from now we may all speak
with equal certitude of hindsight. But meanwhile
until that 10 years is past, Bill Dix’s ruminations,
and perambulations, and projections have just as
much validity as Brad Rogers’ agonizing 10 years
ago. Only hindsight will prove this out. With all
due respect to the utility of acerbity in discussion
let us now adjourn.
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The Current Status of Graphic Storage Techniques:
Their Potential Application to Library
Mechanization

SAMUEL N. ALEXANDER, F. CLAY ROSE
Data Processing Systems Division, National Bureau of Standards

Introduction

The purpose of this report is to describe briefly
some of the newer technologies, particularly in the
field of microforms of graphic records, and to con-
sider their probable effects on the operating pro-
cedures of libraries. Graphic storage deals with
the essential materials with which the library
works. Today these materials are predominantly
in the form of bound volumes of the printed page
and the typed or printed catalog card. The prob-
lem of providing effective service in the face of a
steadily expanding volume and variety of litera-
ture is becoming increasingly critical. Thus, it is
both timely and wise to assess the cost and space
alternatives afforded by the new storage methods,
especially those involving miniaturized facsimiles
of the library’s materials.

While at present the compelling motivation may
be that of savings in space and cost, microform
facsimiles, together with means for their mecha-
nized selection and retrieval, offer more than an
alternate approach to “housekeeping” problems.
For example, deterioration and loss of rare and
irreplaceable materials are minimized through the
utilization of associated techniques for providing
copies. Further, this technology offers a poten-
tial means for attaining far wider coverage of the
world’s documentary resources through acquisition
of materials reasonably available only in micro-
form.

Before entering into the characteristics and im-
plications of automated microform systems, a few
clarifying remarks might be in order. Some li-
brarians (and their patrons) have an understand-
able aversion to the usual facsimile reproductions
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because much of the esthetic quality associated
with well-executed books and publications is lost
in this process. Facsimile copies do not readily
retain the charm of artistically illustrated mate-
rials or the attractiveness of finely detailed maps.
The impressiveness of elegant bindings and the
satisfying feel of a massive tome are gone. While
this sense of loss may be meaningful in the case of
rare books and valuable manuscripts, for much of
the product of the modern printing press this can
hardly be a major consideration.

There is a natural concern that the library’s
basic mission of adequately serving its patrons
should not be diluted by introducing new technol-
ogy. Certainly one would insist that, while seek-
ing to live with its growing number of operational
problems, the library must continue to serve its
patrons at least as well as it does now. No doubt,
as the newer technology is introduced, there will
need to be some adjustments both in the working
procedures of the librarian and in the inquiry
protocol by which the patrons express their needs.
The introduction of such technology may hasten
the day when the librarian will no longer need
personally to mediate in a large fraction of the
routine transactions by which the patrons are
placed in juxtaposition with the desired part of
the library’s collection.

Despite potentially attractive accomplishments
to date, there is need for considerable refinement
in the available technology. Moreover, there is
even greater need for the evolution of the asso-
ciated library procedures so that this technology
can be applied effectively. Experience has in-
dicated strongly that introducing technology with-
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out adequate prior planning and adjustment of the
affected procedures often reduces the effectiveness
of the techuology to such an extent s to impugn
the advisability of having ncquired the newer
equipment,

Iu an effort to show how these brond counsidera-
tions apply to the specilic subject of graphics, this
report is presented in the form of a state-of-the-
art precis that has the following sequence: First,
a brief history of microformn and related facsimile
recording systems is given. Next, the nature of
the intellectual task associated with designing an
effective system is considered. (See item 90.')
These topics are followed by a discussion of fne-
siiile storage and retrieval systems in terms bhoth
of their utility characteristics and of replication
methods and medin related to microform systems,
The implications of this technology for the library
environment are then examined, and finnlly con-
clusions that may be inferred regarding the dirue-
tion that further technological development might
take are presented. A set of system descriptions
specifying their individual characteristics and a
selected list. of references are appended to provide
the reader with access to such additional detail as
may be of interest.

Brief History of Pertinent Developments

The advent of mechanization in the selection of
graphic materials from storage antedates this con-
ference by a little less than four decades. Even
enrlier, the possibilities for miniaturization of
documentary materials had been developed as an
extension of the art of photography. Particularly
since the 1930’s, there has been increasing interest
in the development of retrieval devices that utilize
the following principles:

1. A miniaturized or compressed form of
document storage.

2. Means for the mechanized manipulation of
stored microimages in the operations of
“finding und fetching.”

3. Means for display and replication of images
selectively taken from the store so that they
may be viewed and used by the “customer.”

In addition, some of the ecrliest proposals, as well
asmany present-day devices, utilized the principle

®This and slmflar references refer to {tems in the bibMography
on page 136. :

of integral indexing—that is, the inscribing of
identifying labels or “retrieval hooks” directly on
ot physically adjacent to the items that are to be
retrieved from storage.

The first principle, that of compressed storage
of document imnges, dates back to the year 1839
wheu John Benjamin Dancer of Manchester, Eng-
land, first combined the techniques of photography
and microscopy to profuce the microphotogrnph
of a document. (See item 54.) The reverse of
this process, the enlargement of the reduced image
to provide n replicn of the full-size original, is
necessury to meet many of the practical require-
ments of human viewing and using.

The second principle, that of mechanized ma-
nipulation of records in a file, was realized by
IHerman Hollerith and others from about 1890 on-
ward, through the invention and use of punched
card and “needle-selection” card techniques. In
recent yemrs both of these techniques have been
combined with microphotographie techniques, one
embodiment being the microfilm aperture card.

The principle of integral indexing has recently
received considerable attention. Surprisingly, its
inception predates even the use of papyrus and
paper for graphic storage. A physically integral
index has existed at least since the time of ancient
Sumaria, where it was frequently the practice to
put n thin layer of clay over a tablet that hiad al-
ready been inseribed with cuneiform characters.
This expendable layer would then have inscribed
on it indexing clues to the information on the
tablet itself. This principle evolved through the
centuries, and one of its many:manifestations is
the present practice of stamping library classilica-
tion codes on the spines of books and onto other
material in a document collection. The mordern
counterpart appears in such mechanized systems
as the Rapid Selector, Minicard, and Filinorex.

In the other approach the index to the mecl-
anized store is a separate file or list of dycminent
identifiers, such as subject headings, descriptors,
or classification codes, that lead the searcher to
the “locators” or “addresses” of items in the store.
This separate index may or may not be independ-
ently mechanized. One example of this upproach
is the original Recordak ILodestar, which is a
mechanized microfilm retrieval display device that
is manually set after reference to an entirely
separate index. An example of another form of
this approach is seen in the Microcite system where
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an otherwise separate mechanized index in the
form of “peek-n-boo” cards is physically coupled
to activate the “retrieval for display” device.

Compressed graphic storage of books and rec-
ords, with microphotographic duplication, prob-
ably first received practical application when the
Department of Agrienlture Library (now the Na-
tional Agricultural Library) inaugurated the so-
called Bibliofihn Service in 1934. At approxi-
mately the snine time, in various parts of the world,
serious consideration began to be given to the de-
velopment of equipment which combined micro-
form storage and retricval of replicas through the
use of integral indexing and mechanized selec-
tion. Patents issued to Goldberg in Germany
(1931), Bryce (1939), and Loughridge and Stnart
(1940) disclose various possible applications of
these combined techniques. Even more signifi-
cantly, from the 1930’ onward, both documental-
ists and engineers, sueh as Atherton Seidell, Wat-
son Davis, and Vannevar Bush, began to work
toward combined techniques specifically applica-
ble to library services, By 1940, Bush had devel-
oped the prototype Microfilm Rapid Selector,
whose linenl deseendants are among the systems
currently available.

Today there are devices and systems of two basic
types. The “address” system is, as previously
noted, one that stores only the document images;
the user must approach it with information de-
rived from a separate source that identifies the
specific document he wishes to see. The “search”
system, on the other hand, combines a mechanized
index component and the means for retrieval of
selected documents from the store (see fig. 14).
Both types, which are discussed later in more de-
tail, can play important roles in the automation of
libraries. As of now, however, there has been
little practical application in the conventional

library environment.

The Importance of the Systems Problem

It must be recognized that hard-core intellec-
tual problems underlie and are inherent in the li-
brary situation. (See items 7, 18, 30, and 66.)
These problems are, in the main, independent of
mechanization. Ionest differences of opinion ip
categorizing document content as to meaning and
relevance persist even among specialists in well-
defined subject fields. This indicates that the
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Fiouke 14. A “sqarch" system—The Micro Rescarch
System, unit microfiche and needle sort slots.

“heart-of-the-matter” problems will be with us in
the years to come, and that they can neither be
solved nor dissolved by the conveniences oifered
by new equipment or by esoteric clsssification and
coding schemes. Iowever, there are intellectual
problems of a somewhat more (ractable nature
that are posed specifically by the availability of
new technology.

These intellectual problems involve balancing
the alternatives presented by different systems.
One must always give up something to get. some-
thing else; for example, one system might have
quick aecess but low resolution, another system
might allow one to move images around and en-
Inrge parts of them but it might be restricted in
capacity. The problem of alternatives then is the
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essonce of systems design and such problems can
yield toa well-planned attack.

In seeking to apply new techuology to the needs
of the library commnunity, there is often msuffi-
cient attention given to the practical requirements
of the user, Thus far, the library community has
not followed the lead of the business world in
rushing into the use of this new equipment with-
out recognizing the intellectua} requirements basic
to its successful application, In general, busi-
ness has not utilized microform to its full poten-
tinl.  'Whether librarians can avoid a similar fate
is questionable, because recent high-level agitation
has increased the danger that the carefully
planned systems approach may lose out to a “re-
ductio ad gadgetum” attitude. Thorough sys-
tems planning, in tle library as elsewhere, means
the development. of an effective and economical
balance of man-machine efforts within the total
system.

Specifically, it should be recognized that the
difficulties of mechanizing library procedures re-
late far more to decisions involving document
analysis, subject-content indexing, and machine
coding than they do to the characteristics of either
the equipment or the storage media. It does not
gain much to put documents inte a miniaturized
storage system if the method for retrieving them
will be no more effective than what we already
can do. The way in which specific user-oriented
requirements and the man-machine capabilities
are fitted together into an integrated system will
determine the success or the failure of a particu-
lar mechanized technique. We cannot hope to
escape from the human factors involy - d in analyz-
ing the subject content, on the one hand, and in
evaluating and using the products of mechanized
search and retrieval, on the other.

Perhaps the librarians have sensed that their
major problems cannot be solved merely by the
installation of equipment. This may be the rea-
son why relatively little utilization of mechanized
graphic storage and retrieval systems has been
made to date in general libraries. Nevertheless,
new tools are finding useful applications in a num-
ber of specific situations. Knowledge of what is
available should help to direct and motivate the
prerequisite systems planning needed for their
eventual successful application. Familiarity
with performance characteristics of available

equipment will be required in order to make sen-
sible decisions in determmining the appropriate
levels of content nnalysis, in choosing coding sys-
tems, and in providing for open endedness so that
the system can be adapted to the changing condi-
tions of actual use.

Systems Characteristics, Media, and Repli-
cation Methods

The present state of the art in mechanized
graphic storage may best be appraised in terms
of the performance and other characteristics of
a variety of devices, storage medin, and complete
systemms. (See item 47.) Details of the charac-
teristics of each system that is actually or po-
tentially available for library use are tabulated
in appendix A based on data reported on the form
shown in figure 15. Pertinent information on
many systems is still not avaiiable (see footnote 1,
p. 134).

As shown in figure 15, each system or device is
first identified by its name and by the nmne of
the developer or manufacturer.*® Next, avail-
ability status is shown. A system or component
is reported as operational and commercially avail-
able only if it is currently offered on the open
market for a more or less determinate dollar cost.
Otherwise, a systein may be (1) operational, but
not generally available; (2) developmental, that
is, either the entire system or certain of its com-
ponents are in various stages bet ween design study
and testing; or (8) existing only as a formal pro-
posal, although various feasibility studies may
have been carried out.

Identification of systemns as to functional type
is based on the distinction between search and ad-
dress approaches previously discussed. That is,
the address systemn, which contains documentary
material in some form of microform storage, is
approached by o searcher who has obtained the
necessary locating information fromn a separate
index.®®* This system has the capability of dis-
playing or reproducing material for which the

2 See items 2, 5, 9, 11, 12, 13, 19, 29, 34, 39, 40, 58, 65, 89,
70, 71, and 76 in the bibliography, p, 1386.

2t It should be noted, of course, that possibilities of microform
storage and machine retrieval exist for index systems proper and
that, in fact, the mechanization of the card catalog may be one
of the most intrigning future applications of this technology
in large libraries.
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SYSTEM DESCRIPTION

DEVELOPER/MANUFACTURER : . oo e
[0 Commerecial

STATUS: ] Operational [0 Non-Commercial (J Developmental [0 Proposal

TYPE: [0 SEARCH (O ADDRESS

SIZE: [] Small (<$10,000) 7 Medium ($10,000~-$200,000) 0 Large (>$200,000)

PURPOSE: [] General O Special _ - - e

TIME FUNCTION: (0 Immediate Response (J Delayed Response

INTEGRATION FUNCTION: (] Ofi-Line  [J Shunt  [J On-Line

INPUT SIZE: __ e
STORAGE MEDIA: [ Transpnrency/Tmnslucency O Opaque O Electronic
O Microfilm [0 Microcard ) Video Tape

O Roll 0 Microlex O Other

O Strip O Microprint

[0 Scroll 0 Microtape  _____________

0 Microfiche O Electrostatic

[J Unit Print

O Chip

[ Sheet

O Jacket

(0 -Slide

(O Aperture
STORAGE CODING: .
STORAGE UNIT CAPACITY: __ ... STORAGE DENSITY: __ .o
SELECTION: (] Automatic 0 Semi-Automatic 0 Manual

(0 Magazine? (0 Magazine?
AVERAGE ACCESS TIME: . e
OUTPUT: O Display [ Copy._- oo
PRINTOUT TIME: ..o e
Yes No Yes No

SYSTEM FLEXIBILITY: O Update/Change [] (J Add/Purge O

F16URE 15. Sample data sheet for graphic storage system description.
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searcher specifies the address. A search system
combines both index and address approaches by
including a mechanically searchable index that
is functionally, and in many cases physieally, in-
tegral with the microform copies of the desired
documents.

The next item of figure 15 is the size of the
system, as orudely measuri Liv its general price
range. Systems offered for ivss than $10,000 are
designated as sniall; those ranging from $10,000
to $200,000 as medium ; and those costing more than
$200,000 as large. Other significant. ways by
‘which the size of a system could be indicated are
by the document storage capacity, the physical
space required, and so on. However, cost, prob-
ably provides a composite indicator that is suf-
ficient for our purpose here.

The response time of these systems and their
functional relationship to automatic data process-
ing systems are also indicated. While a doen-
ment library is not normally required to proviue
an immediate response to a request, some storage
and retrieval svstemns, particularly those designed
for command and control and/or intelligence data
displays, do try for iiaumediate response. An ex-
ample of an inmediate response system is ArToc,
described in appendix A. The trade-off for this
response capability usually, as with arroc, is a
limited storage capacity. These on-line systems
usually are specialized ones that can achieve de-
cisional responses immediately following the se-
lected presentation of current data. Thus far,
they have been applied mostly to the control of
valuable or “perishable” inventory or to military
situations.

These on-line systems tend to have a funelional
or actual tie-in with the associated data processing
facilities, and this arrangement is not too different
from what would -be an effective one for many
conventional library situations. Fowever, most
of the systems that we will discuss are being em-
ployed as off-line systems, in that they have no
direct tie-in with the data processing facilities.
To emphasize this point, we designate as “shunt”
systems either those that use app facilities on a
part-time basis for industry research, or have a
computer as an integral part, or operate ‘as ter-
minal equipment that, can be used either on- or
off-line witlt an app facility. For the most part,
these shunt systems are currently expensive con-

118

figurations that call for extensive search require-
ments in order to justify their present, costs.

Consider now the input to a system. Tor our
purposes, input is generally restricted to textual
and pietorial information that will be absorbed
in toto by comversion to microform. There are
limitations on the size of input depending on the
photographic or television camera used and its
resolution capability. These factors influence the
choice of a snitable storage medium. For exam-
ple, the current trend is to reproduce textunl ma-
terial onto wedia the size of 16 pun film and maps,
charts, engineering drawings, and similar mate-
rial onto 35 mm media. This practice is based
on conventional microfilming techniques and does
not consider some of the more recent types of con-
versic such as to video magnetic tape, thermo-
plastic media, or photochromic storage.

Images in microform (see item 38) may be
stored on any one of several media. Storage
media include transparent/translucent  film,
opaque film, paper, card stock, and magnetic video
tape. The transparent/translucent microform
may be u fixed microfihn roll (16, 35, or 70 min
wide and many feet long). Document pages are
sequentially arranged on this roll and each page
covers the usable film width. (See items 23, 63,
and 64.) Alternatively, it may be strip, which
is made by cutting a roll into specified lengths; or
scroll, which is 10 to 20 inches in width and several
feet in length (as for the cris system described in
appendix A), and on which many page images
may be placed across the scroll width. (See
fig. 16.)

The transparent/translucent microform may
also be in the form of a discrete unit (i.e. one
aaving an alterable sequencr.), such as a film chip,
transparent plate record, or microfiche. (See
items 8 and 88.) Tho microfiche occurs in several
different varieties, the most, common of which are
described and illustrated below:

1. The unit record, a piece of film, usnally no
larger than 5 by 8 inches, on which a few
images are recorded. A variety of unit
microfiche records is illustrated in figure 17,

2. The jacketed microfiche (fig. 18), a record
approximately the same size as the unit
microfiche. It is made up by inserting
microfilm strips into individual sleeves of
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a ‘ b 4
Q ‘FIGURE 16. Transparent/trenslucent microfilm. a. 16 mm roll microfitm, NBS FOSDIC II. U. 35 mm roll microfilm,
E lC NBS Rapid Sclector. c. Strip microfilm, IBM Walnut.
' 735-898 0—04——9
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F1eURe 17. Unit microfiche. «. Recordak Corp. b. International Documentation Center. c¢. Thomas' Rcgister
d. Microcard Corp.
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Fieure 18. Jacket microfiche—MeBee Keysort Card for 35 mm (includes needle sort notches).

a transparent acetate jacket. Several such
jackets are shown in figure 19.

ad

The sheet microfiche, somewhat larger
than the unit microfiche, on which several
unit records are usually recorded (fig. 20).

-

The aperture card, a card into which a
square or rectangular hole is cut and a chip
of microfilm mounted. It may be an index
card, a machineable electronic accouniing
machine card, or an edge-notched mechgni-
cally sorted card (fig.21).

5. The slide (fig. 22), a single microfilm
image mounted in a frame for ease of han-
dling although groups of slides are some-
times magazine-loaded into a system.

6. A chip microfiche, a discrete unit, usually
containing a single image or a small num-
ber of images and so small that it is nor-
mally manipulated with others in a
cartridge or magazine, or on the “shish
kebob” skewers of a Minicard system.
Several types of chip microfiche are shown
in figure 23.

The opaque microform, another variety of dis-
crete unit record, presently takes one of four forms, ~ FIGURE 19. Microfiche jackets. a. NB Jackets Corp.
See i " ,:’[,? y Kk e o. 0 o. Microjacket acetate—16 mm. b. NB Jackets Corp.
( ee‘terf] 2) 1e most “"?11' nown is the mlc.ro- Microjacket acetute—35 mm. c. Sertafilm, Ine.,
card, which is usually 3 by 5 inches, hasan enulsich acetatc—35 mm.
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onto which document images are photographed,
and is most commonly seen us the product of the
Microcard Corp. Microtape, developed by Micro-
tape Systems, New Ilaven, Conn., uses n photo
emulsion on a paper stock which is backed by a
pressure-sensitive adhesive. Xts normal width is
either 16 or 35 mm, and * may be several hundred
feet long. The usual application is to cut the tape
into strips which are then affixed to cardstock.
Microlex, of the Microlex Corp., Rochester, N.Y.,
is an opaque film sheet, approximately 614 by §
inches, on both sides of which document images are
recorded. Microprint, produced by Reandex Micro-
print Corp., is an opaque sheet of paper, 6 by 9
inches, on which microimages are printed by an

offset process. Figure 24 illustrates typical opaque
microforms.

Prospects for a form of facsimile storage that
produces electronic signals directly as output are
currently represented by the use of video magnetic
tape, usually 2 inches in width. Such “electronic”
stornge provides for facsimile recovery of full text
and pictorial material. Another related use of
magnetic tape recording, from 14 to 1 inch in
width, is that of digital storage in coded form of

_short descriptive text such as accession number,
descriptors, or possibly a bibliographic citation.
(See item 74.)

Present, systems are generally vestricted in their

ability to produce other than black-and-white
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Fi1eure 22, Slide microfiche.

images. However, polychromatic or full-color
techniques are being explored. The chromatic

capability of the stornge is strongly dependent on
the camera and film used for input recording. For
most of the systems mentioned in this paper the
lack of color is not important, because they are
usually concerned with the storage of textual and
black-and-white pictorial information. However,
as color reproduction becomes more economical, it
will be useful for pictorial prints, bar charts, and
representations of color effects (spectograms,
stress/strain patterns in materials, mixtures of
crystalline materials viewed with polarized light,
and the like).

In figure 15 and in the system descriptions in
apnendix A, the capacity of individual systems is
indicated by the number of images per storage unit.
This characteristic is best expressed, as is the sys-
tem storage density, by the number of images that
may be stored per cubic foot when loaded into their
usual holder or magazine. Thisis a critical factor,
especially for those systems in which the storage
units have to be manipulated manually. For

c .
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Ficure 23. Chip microfiche. a. Filmorex, Jacqucs Semain. b. Minicard, Bastman Kodak Co. c¢. Magnavuc (includcs
magnctic coding arca), Magnavor Co. d. Media, Magnavos Co.
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a. Microcard—Microcard Corp.
¢. Microtape (includes Kodamatic Indexing)—Recordak Corp.

b. Eleetrostatic Print—Bell and Howell Corp.
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machine-manipulnted units, this factor is signifi-

cant primarily in terms of camera input require-

ments and in the inechanical design considerations.

This image packing density, however, is deceptive

for those systems that store more than one copy
of the same image. In the Minicard system, for
example, there may be 20 copies of the same docu-
ment and this redundancy obviously must be con-
sidered in determining the effective capacity, i.e.
unique docnments stured, of the system.

The flexibility of a system is reported in terms of
the ability (1) to npdate stored information by
adding new information to individual documents,
(2) to change information within a doenment by
replacing old with new information, and (8) to
add documents to or purge them from a storage file
unit. Libraries may be most concerned with this
matter of ndaptability. However, some libraries
may not wish to pay for the canabilities indicated
above since their predominant activity may be to
increase the total collection by adding new storage
units and to pnrge from the collection by retiring
those that have n low rate of usage because the
information contnined in them is outdated.

Replication medin have been briefly discussed
sbove. In review they may be classed as follows:

1. Transpaency ov translucency (plate or pli-
able film)
a. Microfilm (pliable film)
1. Roll (8, 16, 35, and 70 mnin are the
most common widths)
2. Strip (an easily handled strip from
aroll of film)
3. Scroll (roll of film 19 to 20 inclies
wide)
b. Mlcroﬁche (plate or pliable film)
. Unit (plate or pliable film usually of
index card dimensions)
2. Chip (usually pliable film containing
one or a very few pages)
8. Sheet (usually plinble film containing
anumber of documents)
4. Jacket (usually pliable film put into
ncetate or cavd stock contniners)
5. Slide (plate ov pliable film in metal,
card stock, or plastic mounting)
. Aperture  (ucually  pliable  filn
mounted in card stock)

126

2. Opaque (card or paper stock)

a. Microeard (emulsion on eard stock)

b. Microlex (emulsion on paper stoclz)

¢. Microprint (offset print on paper stock)

d. Microtape (emulsion on heavy paper
stock with pressure-sensitive backing)

e. Electrostatic print (xerography on card
or paper stock)

3. Electronic (inagnetic plinble tape or card,
or rigid disk)
a. Video inagnetic tape (pliable mylar tape
2inches wide)
b. Magnetic card (plinble mylar card—
digital recording)
c¢. Magnetic disk (rigid disk—digital ve-
cording)
d. Magnetic tape (pliable mylar tape 14 to
1 inch in width—digital recording)

Replication methods show equally as much vari-
ety, as the following list indicates. (Original pro-
duction methods, such as letterpress and typewrit-
ing, have not been included.)

1. Electrostatic. A dry copy process that re-
quires no permanent negative and pro-
duces copy in a very short time (14 to 2
minutes). One-to-one full-size copying
utilizes a low-resolution technique (about
10 lines per millimeter), but microcopy
techniques are being developed that even
now can give a 12 percent reduction.

w

. Faesimile. A dvy process using a charge
potential that scans a piece of paper and,
in its scan, aves through and hence burns
the paper. This has at present a very low
resolntion and is used primarily for the
communication of full-size one-to-one
copy by radio wireless or land-line com-
munication systems.

3, Microscan. Not strictly a new veproduc-
tion process, this employs “n mask con-
taining uniform arrangement of miecro-
scopic dots placed one-hundredth of an
inch apart, allowing pages of informa. .on
to be ‘piled’ on top of one another on a sin-
glo sheet of film.” (See item 61.)
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. Offset printing. Ordinarily o onhe-to-one

printing process in which a master is pre-
pared and copies of the original are made
by liaving ink adhere to sensitive areas of
the master, trunsferred to n blanket and
then offset to paper. A microform modi-
fication of this technique is found in
Microprint, in which 100 page images nre
printed onto a 6 by 9 inch sheet of paper.

Photochromie. A quite recent develop-
ment by the National Cash Register Co.
that cun place over 2,500 page imageson
unit. microfiche of index card size by the
radiation exposure of a thin organic
film. (Seeitem 20.)

Photosensitive emulsions. Exeept for
full-size eopy, pieture snapshots, and the
low-resolution one-to-one copy processes
(e.g. blueprint, whiteprint, etc.), these are
the most commonly used of the current
microreplication means. It is normally a
2-step process that is dry or semidry for
other than the silver halide emulsions, the
latter being the most prevalent for micro-
reproduction. Xxcept as noted, resolu-
tion in these emulsions is quite good, with
200 lines per millimeter rather easy to
obtain and up to 1,500 lines per millimeter
available,

Spirit and. stencil duplication. A dye
transfer process involving the prepara-
tion of a master ps with offset printing,
normally used only for full-size reproduc-
tion as the resolution for microform pur-
poses is quite poor.

Thermography. A single-step process in
which a heat-sensitive emulsion is exposed
to the carbon-base ink areas of n docu-
ment by radiation from an infrared or
heat source. Resolution for microform
purposes is quite poor.

Thermoplustic vecording, A recent de-
velopment. of the General Electric Co.
The vesolntion for microform purposes
appeavs to be good, nbout. 130 lines per
millimeter, The medinm, o thermoplastic
film, is heat-distorted in the process with

1
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the resulting recorded filin being viewed
through n special type of optical system.
(See item 82),

Video magnetio tape. A magnetic record-
ing on 2-inch mylar ilm genernted by the
electro-optical secanning of o desirved
image, this development in graphic re-
cording techniques is ouly n few years old
and may find application in the micro-
fortn stornge field. An electro-optical
televisionlike system is necessary for dis-
play.

Iixcept us noted, microfortn copies from these
replication methods have to be viewed through
various types of enlarging optical systems. Micro-
reproduction techniques and viewing equipment
are Jiseussed much more fully in two rather com-
prehensive bools by Ballou and Lewis (see items
3 and 52) 22

GRAPHIC STORAGE
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Implications to the General Library

In the last section, it was noted that the more
ambitious and forward-looking application of
microform storage and the mechanized retrieval
of graphic information have thus far been made
outside of general libraries, (See item 57.) For
some years, the Mierocard Foundation and Univer-
sity Microfilms Inc., have made available rare
and scholarly materials, theses, dissertations, un-
classified AEC reports, and the like in mieroforn,
The provision of display nud copy equipment in
special libraries, information centers, and reposi-
tories gives access to microforn copies of many of
the wnpublished U.S, Government. and contractor
reports. More and nore, as ageneies such as
NASA Dbegin to merge indexes and microeard
copies of the infornally reported material with the
published literature in special fields of interest. in
their announcements, librarians in general libraries
will also become interssted. (See item 84.)

Well-known examples of microform stornge of
general intervest ave the New York T'imes on micro-
film for use with u eombination of a viewer/print-
er uud the Zhomas’ Register of Awmerican Manu-
faeturers on microfiche,  Frecursors of primary
publication in microform are the experimental

21gr further muterinl on microreproduction see ftems 10, 43,
44, b1, 69, und 78.
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productions of the journals, Wildlife Disease, and
the recently nunounced Statistical Methods in Lin-
guisties®  As more detailed information is dis-
seminated on the operating experience with the re-
cent, generation of microstorage equipment, it
may Dbe feasible to apply the cost-effectiveness
ratio for this equipment to vonventional libraries.
With such added insight, the necessarily budget-
minded library administrators may attempt wider
application of this technology.

LIBRARIES AND AUTOMATION

Application Trends.**—In addition to cost ex-
perience, we must better understand the factors
that govern patron acceptance of wider use of
microforns. Naturally, normal habits are least
aflected whenever a full-scale reproduction is pro-
vided for the user. Iiven in this case, however,
with presently available equipment, the legibility
often leaves much to be desired. Moreover, this
would hardly be a feasible approach to “purpose-
ful browsing.” However, it does not appear be-

yond the state of the art to produce acceptable

copy fromn an original good microform. The prob-
lem is rather one which invelves both economics
and work discipline.

Assume, for the present, that in the foreseeable
future economic consideraticns will make it un-
reasonable to respond to each inquiry with full-
scale reproductions of the requested material. If
we 1gnore the patron’s natural reluctance to change
well-ingrained work habits, the major issue of his
acceptance of microform depends on achieving a
reasonable balance between cost and quality of
acceptable microform viewers. The illegibility
and fatigue that underlie some of the adverse re-
action of the patron are thus seen to be directly
related. Besides legibility and freedom from ab-
normal fatigue, there remain some additional con-
siderations that depend upon the form of the
microfacsimile. It would be desirable to provide a
function equivalent to that of quickly twming
pages in a book, of quick reference back and forth
among several documents, and eventuaf]y of an-
notating the item being studied.

In what follows, it is assumed that microform
viewers can be improved to the point that would

< This journal, published fn Sweden, will be offered tn Buglish,
I'rench, and German, and in hotu full-size and mierofiche edi-
tions.

24 See references 1, 21, 25, 37, 41, 42, 55, 57, 67, and 75,
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justify widespread patron acceptance. This is a
reasonable premise since such improvements ap-
pear to be both technically und economically feasi-
ble. Under this assumption, one can speculate on
the economics of respouding to each patron request
with an expendable microform, after the patron
has properly identified the item he desires. In-
deed, it looks as though the technology will even-
tnally support a system in which this kind of serv-
ice might be a less costly procedure to the library
than the total costs now associnted with storage of
and accounting for loans of the original items.

The advent of inexpensive portable viewing
cquipment for personal use (an example of which
is the Microcard Reader Mark IV), and the fact
that some desirable material is available only in
microform, points up the possibility that micro-
form is beginning to compete seriously with con-
ventional full-sized documents. The situation will
be biased further when it becomes both economic
and legal to supply the requester with a personal
microform copy of the items he needs.

The role of the man with the erystal ball is not
an enviable one in these days of rapid change.
Yet the essence of planning involves some estima-
tion of the effects of changes that are seriously in
prospect. The continued growth in literature
available through conventional publication tech-
niques has greatly increased the base of potential
holdings for a library. The difficulty of living
with a much slower growth in working space and
budget is posing a serious dilemma for library
management. The obvious impracticality, even
for major libraries, of simply increasing their
holdings has led to several types of adjustment in
response to the amazing increase in the number
and variety of publications.

Several alternatives for coping with this prob-
lem are described below. These alternatives are
listed roughtly in the order in which they are con-
sidered to be acceptable to and within the reach of
the average library management :

1. The library seeks to retain its subject
matter coverage by a more selective sam-,
pling of the documents that are available.

o

. The library deliberately restricts its sub-
ject matter coverage and becomes a more or
less specialized coliection in order to retain
adequate coverage in depth for a selected
portion of its patrons.
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3. Groups of libraries agree to maintain cov-
erage in depth in complementary subject
areas and to depend on developing an effec-
tive interlibrary loan system for coverage
of a wide range of subjects to copg with a
wide range of reader interests.

4. The library acquires certain of its holdings
in microform only and adapts to the cur-
tailment of conventional services to certain
of its patrons.
To supplement the interlibrary arrange-
ment (see alternative 3), provisions are
made for facsimile inspection, by means of
direct communication, at one library of
documents held in another library. To
accommodate high priority need, there
may be ancillary facilities for making
copies immediately following such remote
inspection,

o

Holding the less active portion of a library col-
lection in microform is an emerging practice,
Probably the same approach will be used for ex-
panding the collection into new areas, particularly
now that some serials can be obtained in micro-
form. Omne may also expect a growing tendency
for publications to be issued simultaneously in
microform and hard copy. The decision regard-
ing the form in which to acquire the holdings may
be left to the library management. They might
even consider holding journals unbound for a
limited number of years and, after this period,
retaining the journals only in microform rather
than as bound volumes. The economics of this
arrangement appears favorable.

Since the use of video transmission of graphic
material is still in the early trial stage, it is not
likely to be a widely considered alternative until
the economics can be better estimated. Video does
offer attractive features for situations in which it
is not practical to make, in advance, facsimile
copies of a large collection of infrequently used
items. This browsing capability of video fac-
simile might provide the justification for experi-
ments from which cost estimates can be derived
for this kind of interlibrary loan.

In any event, vecent trends show that the ad-
vantages of the first three alternatives are being
actively exploited and that they appear to be
reaching the point of diminishing returns for im-
proving the effectiveness of a library’s services to
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its patrons. As long as the number of publica-
tions contimies to increuse and as modern promo-
tional techiniques are used to bring new publica-
tions to the potential user's attention, theve will
be increasing pressure for the library to male more
use of the fourth alternative—that of microform
holdings. Libraries should, therefore, make
plans for the eventuality that all major publishers
will offer their products in both hard copy and
microform.

Once technology makes it feasible for the
library to provide the serious requester with a
microform copy of selected portions or the entire
contents of a document, adjustiments in the use of
copyright privileges, or even modifications of the
copyright legislation, may be needed to make this
alternative freely available to the library. There
is a reasonable prospect that. publishers of journals
will find it advantageous to offer complete seriesin
microform. If this microform came directly from
the copyright holders some aspects of the touchy
problem of copyright might be alleviated. Even
so, realization of the full potential of microform
is presently clouded by copyright problems. These
problems are now being explored, and a serious
effort to initiate action is in prospect.?

Needed Research and Testing.—As the im-
proved microform art becomes more closely
coupled to the technology of machine searching,
the working procedures of hoth patron and librar-
ian may have to undergo considerable adjustment.
These technical changes will raise further ques-
tions of user needs and acceptance. Will the user
adjust to different searching and read-out sys-
tems? How will the trade-offs in various systems

26 While the copyright law of 1009 permits in spirit the “falr
use” of copyrighted material, 1t is still a technieal violation,
however much ignored. to even handseribe (mueh less photocopy)
copyrighted material (see items 15, 16, 28, 31, 50, and 85 in the
hibliography). Speelfic recommendations for revision of the
copyright law have been made by an ad hoe group called the
Committee to Investigate Cobyright Problems Affecting the
Communieation of Selentific and Edueational Information, A
study of the incidence of photocopying copyrighted materials
was made by George Fry & Associates and reported in the pub-
Meatlon Surrvey of Copyrighted Material Reproduction Practices
in Scientiflc and Technical Ficlds, which was released for a very
limited distribution in June 1963 by the National Science Foun-
dation., The entire study was reprinted In the Bulletin of the
Copyright Society of the United States of Amerlen for December
1963 (v. 11, no. 2: 69-124). John C. Koepke. one of tue
principal investigators, has reviewed the main findings of this
atady in a reeent artiele. “*‘Implientions of the Copyright Law on
the Dlssemination of Scientifiec and Teehnical Information” (Spe-
cial librarics, v. 54, Nov. 1983 : 553-556).
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affect his use, e.g. how far could one go in sacrific-

_ing quality of copy for speed before meeting user

resistance? When the user discovers that a new
system can provide him with information hitherto
unnvailable he may enlarge his demands for
service, Can the system be designed to be flexible
enough to take advantage of these changing nser
requirements? T we can determine user needs
objectively, it would aid in efforts to improve
technical facilities and, at the same time, allow
cultivation of new working habits in the user.

Certainly, there is much that still needs to be
determined abont the relative virtues, to the user,
of the addvress vs. the search {ypes of mieroform
retrieval systems. As mentioned previously, the
search system requives a completely separate search
procedure that shonld in turn, yield a convenilent
means for activating & mechanized microform re-
trieval device. The search may be accomplished
by a separate logical manipulator that can be
either a data processor of adequate capacity or a
skilled reference librarian. Both will need access
to appropriate indexes and other library tools.

The search systems are activated by inserting
search identifiers directly into the microform re-
trieval device. Depending upon the nature and
extent of these identifiers, this provides a capabil-
ity for certain classes of search prescriptions. The
extent. to which it is advisable to incorporate coni-
puterlike logic to meet the user’s need for selection
from the microform file is not. yet evident.

These have been presented as being the only
alternatives for using a microform retrieval de-
vice. If automatic operation without human in-
spection during the selection processes is the de-
sideratum, then they do represent alternatives. If
the microform retrieval device has features for dis-
play of content to the user, then another mode of
selection can be employed in which the user can
participate in progressive modification of the selec-
tion criteria as well as control the selective copying
operation that usually accompanies a display fea-
ture. Since it is technically feasible to combine
the various featuves, it is likely that compeosite
systems for microform retrieval will be used in
the immediate futuve, since the selection process
using a data processor has not been attempted in
an operationally acceptable form.

The foregoing discussion points to the impor-
tance of evaluative pilot tests in carefully planned

situntions with appropriate analysis of the find-
ings. The resulting information should then be
made availuble in a useful form for guiding library
management. in the considerntion of equipment.
Related research und development topics that
onght to be considered and included in such tests
when technology has arrived at an appropriate
stange of developiment include:
1. Investigation of fast but relatively inex-
pensive dry methods of reproduction in
both microform and in full-size hard copy.

2. Development of relatively inexpensive
means for introducing color in both the
storage and reproduction of graphic mate-
rial in microform.

:').'4

Development of improved forms of facsim-
ile communication and presentation, partic-
ulavly with respect to the resolution and
brightness of the display.

*+

Investigations of the potential inherent in
video tape, thermoplastic recording, and
related means for storing a video facsimile.

ot

Investigation of the potential in converting
pictorial information into an entirely
digital record so that it may be recovered
for presentation or for producing photo-
copy, as well as utilized as the basis for
machine inspection of the textual and pic-
torinl information contained in the
document.®¢ )

6. Evaluation by a combination of analysis
and pilot testing to derive useful indica-
tions of the cost-effectiveness ratio of a
systemm designed to provids access to
archives of microform storage held in com-
prehensive centralized repositcries,

Although the field is highly specialized, a
wealth of experience niay acerue from the present
intensive research activities on conmnand and con-
trol systems. The most important byproduct of
these activities will probably be their impact in
the arean of human factors. There is particular

=0 Por example, it is now possible to enter information in the
formuat of orthogrnphic projections into a computer and to process
this information. One form of the processed result ix a threes
Aimensional representation which ean be displayed on a television:
like fmage. This provides an clegnnt prospect for inspecting
the contents of a computer file that has been derived from con-
ventional engineering drawings.
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emphasis on devising the man-machine interface
in such a way that information can flow readily
to and from the man. MHere the critical require-
ment is immediate response, and this will prob-
ably be of interest in the future when mechanized
versions of eard eatalogs, jonrnal indexes, and sim-
ilar librry tools have been developed. Then a
proper design of the man-nmchine inferface will
be needed in order to negotiate the inquiry in both
form and content, with the collateral possibility
of some measure of “browsability.” While these
are dramatic prospeets, they probably le well into
the futnre.

On the other hand, there is the concurrent devel-
opment. of supporting systems to handle recon-
naissutnce and intelligence data. These systems
handle more data than do the eommand and con-
trol systems, but there is a slower pace at the man-
machine interface. This pace, however, might be
more appropriate to library usage and, in fact, the
collection of and reference to information from
overt sonrces have many aspects that. parallel both
general and speeial library needs. Much of the
technology under discussion here has received sup-
port for research and development becunse of spe-
cialized needs to fit requirements of discrete
collections of materinls. Thus, these intelligence
activities mny bave more immediate impact on
library operations than the more dramatic investi-
gations in command and control systems.

Economic Determinants.—Certainly cost will
have much to do with the rate at which microform
technology will extend fnrther into library prac-
tice. TLibrary management is caught in a sort of
price squeeze of its own in adjusting to the growth
of the literature and the closely related increase in
demands for services. Heretofore, microstorage
has been attractive primarily from the point of
view of saving space without necessarily offering
an economic advantage. A steady trend in the
reduction of material costs and an increase in the
productivity of microform equipments are begin-
ning to change this situation.

The economic factors involved in conversion of
holdings to microforn have been the subject of
study from time to time. A recent paper reports
that a modest cooperative effort among a few [i-
braries is suflicient to lower conversion costs to
the point where they are off'set by the value of
the released storuge spuce. (See items 24 and
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64.) This savings is particularly significant
when new construction for housing growing col-
lections is under consideration,

If it is an acceptable practice to allocate the
funds required for binding journals to pay for
the purchase of them in microform, then it may
not even he necessary to seek outside cooperation
in order to have an cennomically viable sitnation.
Libraries may also find it advisable to purchase
back-issue jonrnals in microform from such
sources as University Microfilms and the Micro-
photo Division of Beli and Howell, rather than
film their own copies.

Although microform is not new, it can now, for
the first time, really be cousidered as an alterna-
tive to hard copy both from the viewpoint of bene-
fits to the user and economic factors. This is so
because only now has technology advanced so that
not only are microform readers increasingly ac-
ceptable, but mechanized searching techniques
coupled with high-quality photographic reduc-
tion permits the library to consider microform
systems us a new approach to information control
rather than just asa storage mediun.

Even though cost considerations tend to deter-
mine immediate courses of action, the eventual
acceptance of microform techniques will be deter-
mined much more by the cost-effectiveness ratio.
Effectiveness is dificult to define and measure,
since this would require an examination of the
characteristics of library services and their con-
tribution to the intellectual activities of our na-
tion. These intellectual netivities spread over a
wide spectrum which extends from the cultural
activities of the arts and literature at one end to
the utilitarian aspect of science and technology
at, the other. There is sowe expectation that we
may partially formnlate criteria of eflectiveness
with vespect to the ntilitarian end of the spectrum.
At present, there seems litile prospect of finding
a tractable approach with respect. to the cultural
end. The projected magnitude of public ex-
penditures in support of scientific, technological,
and related educational activities is large. This
situation lends emphasis to the need to provide
meaningful measures of effectiveness, if only to
justify the increased library budgets required to
support these activities.

Obviously, a measure of effectiveness is not an
independent quantity that ¢an be separated from
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the needs of the Nbrary user. Tis needs, in turn,
derive in large part from the economic and socio-
logieal environment in whieh he works. Combin-
ing measures of effectiveness with the relatively

LIBRARIES

ough publication of such studies there ought to be
earefully prepared demonstrations to convey the
findings to those whose work environment may
By these

T . differ from the pilot test situation.
wore tractable cost determinationsinto a composite

cost-cflectiveness  evaluntion requires carefully
planned and exeeuted pilot tests with an objective
examination of the results. In addition to thor-

means, the results of tlie cost effeetiveness deter-
mination may be extended to other areas of in-
terest.  Thus, the testing and demonstration steps

Appendix A: PACSIMILE STORAGE AND

Developer or Response Inteeration
Name manufacturer Status 3} Type Size ? Purpose time function 1nput size Storage medin

Army Tactieal Opera-| Acronutronics Di- | O, N | Seareh . _..| Large..__. Speefal—iniii- | Immedlate. .| On-line. Per camnera. .| Slide micro-

tions Central—arToc vision, Ford tary field fiche,
Motor Co. system,

Automatic Imnge Re- | Recordnk Comp...} O, N | Search....| Medinm. .| Speeinl—INA_| Delayed....| Off-line..... <11” x 34”_.__| Roll miero-
tricval System—airg#® film.

Automatic Image Re- | Flonston-Fearless | O, C Address_..| Medium_.| Special—INA .} Delayed....| Shunt._.._.. INA . ...... Slide miero-
triever. Co. fichie.

Automatic Minfmatrex { Jonkers Business D NA....... Medium.. | Speeinl—index | Delayed....| Shunt. _.__. 9" x 11" (digi- | Strip micro-

Machines, Ine. only. tally coded film.
eard only).

Command  Retricval | Information Re- 0, C | Address...| Medium._| General__..... Delayed..... Off-line. .. .. ] Per eamera. . .| Scroll miero-
Information System—{ trieval Corp. .

CRIS.\O
Data Bank..__..._._._.. Benson-Leliner P Search_ ___| Medimrn_ .| Genernlo_..___ Delayed....| Off-line. __._| INA_..._____.| Aperture
Corp. mierofiche.

Dept. of Defense Dam- {| Thompson Ramo | O, N | Senrch._..| Large.....| Speelal—de- Imnmnediate..| Ou-line____. Per eamera..._| Chip micro-
age Assessment Cen- Wooldridge, Inc. fense infor- fiche.
ter—DODDAC. mation

system.

Docuinent  Abstract | Miero-Data Div,, | O, N | Scarch_._.; Mecdium__| Speclal—ah- Delayed.....| Off-line__ ... <O x WLl Eleetrostatie
Retricval  Equlp- Bell & Howell stracts only print.
ment—DARE.

Documentary Sorage Henry Staats...... D Search_.___| Medium_.| General__.._.. Delayed....| Off-line.._.. <8%"” x 11”___| Unit micro-
and Retriey al Sys'em. fiche,

Eeeetron_ ... Mareel Locqain...; D Searel. ...} INA_ ... General__..... Delayed. ...} Off-line.___ INA ... R%lll miero-

m.

E-Z fort with Aperture | E-Z Sort Systems, | 0,C Search.___| Small.._.. Qeneral. ... Delayed....{ Off-line ... Pereamern.._.| Aperture
Insert. Ltd. microfiche.

Fast Access, Coded | Facs:, Ine. ... 0.C Search..__.] Small.._.. Speeial—edge- | Delayed....| Off-lre ...} Pagesfze ... Microprint....
Smal! Iruages—racs1. notched

card system
of Soclety
for Non-
Destrnetive
Te-ting
Journal
FILESEARCH .. . ... ¥Ma, Inc._...._.C 0,C Search..__.] Medium..| General.____._ Delayed....| Off-line..... <818’ x 14”___| Roll infcro-
m,

Sec footnotes at end of table,
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should properly be considered as an extension the preparation of this report. The primary
of the research program to provide some badly source of material was NBS Zechnical Note 157

needed guidelines for the library manager. by Thomas C. Bagg and Mary Elizabeth Stevens
cited ns item 2 in the bibliography. Their perti-
Acknowledgments nent. ideas helped to bring out the issues to be

considered in achieving wider acceptance of this
‘The authors welcome this opportunity toexpress  particular technology in the operation of general
gratitnde to their collengues who participated in  libraries.

RETRIEVAL SYSTEM DESCRIPTIONS '

Storage System flexibllity
Storage unit | denslty Access Printout
Storage coding capreity (in images Sclection time 4 Output ¢ time ¢
per cu, ft.) Up- |Change| Add | Purge
date
Magnewomechanieal | 1,000/system.| INA 7_____ Automatic, magnzine__| 1,5 sec..... Displey.cococeeeeoil NAL ... Yes.| Yes.._| Yes..[ Yes.
integral index.
Plilotlnclcctric integral | 2,500/reel. .| 2.4 x 105._.{ Automatic, magazine..| 7.0 scc..... Display; hard copy. .. | 25.0sec...... No..| No....| No...| No.
ndex.
INA . 8,000,000/ INA .. ....| Automatic, magazine..| 0.3 sce. ... Display; hardcopy.__ .| INA__..____ Yes.| No....| Yes..] Yes.
system,
Optieal integral index_|{ 1,000,000/ 1.0 x 10¢___| Semiputomatic........ 5,0 min.._.| Display; punched INAG...... Yes.| No....| Yes..| Yes.
strip. paper tape, mog-
netic tape and/or
ard copy.
Elcctro-of)ticnl 500,000/ INA. ... Automatle, magazine. .| 20.0 sce....| Display; filmaperture | 15.0 sec...... No..| No....| No...| No,
integral index. seroll. eard,
'
Megneto-nptie 75,000/ rack._| 3.5 x 104___| Scmiautomatie, 2.0 min..__{ Display; hardcopy___| INA__...._. No._| No_...| Yes..| Yes.
! Integrs! index, magazine, .
|
: INAL e 200/maga- INA._.__| Automatle, magazine._| 30.0 sec..__| DIsplay; copYeeaaa... Included In | Yes. | Yes...| Yes..| Yes.
i zine, aceess
B time.
Electromechunleal NAceeoos INA.____.} Seminutomatle....____ INA......| Duplicate micro- INA_ ... No._| No....| Yes_.| Yes.
Integral index, image card.
Eleccrical integral In- | 186/piate. .. .| 54 x 10 _{ Automatie magazine..| 12,0 sec....| Display; microlmage INA._..... No..| No_...| Yes._| Yes.
dex. copy.
Electro-optical " inte- | INA___...... INA_..._.| Automatic........... 1.0 min____| Display; copy-...-... No....| No...| No.
. gral index.
Mechanical integral | INA_...._.. INA...... Seminutomatic....... INA...... Per viewing cquip- | NA......... No..|{ No....{ Yes..| Yes.
infex. ment,
Minc(}mnicul integral alcn—m _______ INA...._.| Semnfantomatic....... | INA_..... Display. . ... NA ... No.__] No....| Yes_.| Yes.
ndex,
Photoelectrie integral | 32,000fcel. . . _2.9 X104, | Automatic....._..... 2.5 min_.__| Display;  35mm roll 6.0 sec., No._| No... | No.._.| No.
; index. . microlilm, 3M 20.0 sec,
{ . hard copy?

See footnotes ut end of table,
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Appendix A: FACSIMILE STORAGE AND

Developer or Response Integration
Name nmanufaeturer Stntus ? Type Slze? Purposo time function Input size Storage media
Fllm TAbrary Instanta- | Bencon.Lehner 0,C Address...| Medlmn. .| General...___. Delayed....| Oftline.....| INA.......-.. Roll micro-
neous Presentation-- Corp. filin,
FLIP,
Fllm Onptical Sean- | Natlonal Burenn | O, N | Search....| Medlum. .| Sprelal— Delayed.._.[ Shunt._....- EAM card Roll miero-
ning Ieviee for In- of Standards. data sys- only, film,
put to Computers— tems only.
FOSDIC 11,
Filin  Ontleal Senn- | Natlonal Burcan | O, N Search. .| Medimn..| Sprelal— Delayed_. . | Shunt._____. EAM card Roll micro-
ning Deviee for In- of Standards. data sys- only. film.
put to Computers— tems only.
FOSDIC 1V,
FILMOREN .. ____-_._.. Jaeques Semain.. | 0,C Search.___] Small_____ QGenernY. ... Delayed.. .| Off-line.._ .| <84 x11"___ Clrl‘lp micro-
che.
FiLMsont (with EaM | Remington Rand.| O,C Address.._| Small_____ General. ... Delayed.. .| Off-line..... Per camera..__| Aperture
ecuipent). microfiche.
Graptle File and Re- | Itek Corp...o--... 0.C | Search....{ Large.._..[ Speelal—engi- { Delayed....| Shunt....... Perenmera__..f Chip miero-
tricval System. neering fiche.
drawlngs.
Hi-Speed Color Printer.| Radie Corp. of D Search. .. .| Large.....| Speelal—in- Tmunediate..| On-line_._.. Per camera_._.| Slide micro-
Ameriea, telligence fiche.
system,
Intellofnx. Central Intelli- 0, N | Address_..| Small.._.. Qeneral.......[ Delayed..... Off-line.....| Per ecamera....| Aperture
gence Agency. microfiche.
Kevsort with Micro- R%ynl-Mcho 0, C | Bearch....| Small...._| General....__. Delayed.__.. Off-line..... Per camera. .| Jacket or
form Inserts. orp. aperture
microfiche.
LONESTAR with Tmace | Recordak Corp....] O, C | Address...) Small.____j Genera}...___. Delayed....) Off-iine.....} Per camera....| Roll miero-
Contro! Keyboard. . film,
LODES*AR with Koda- | Recordak Corp....} O, C Address.._| Small.__..] General..____. Delayed..._.| Off-line..... Per camera....| Roll micro-
matie Indexing. film.
MAGNAVUE.. .. __.c.ocee Magnavox Co.... | D Search._.._| Large.....| General__.._.. Delayed._...{ Of-line.....| <28 x28”___.| Aperture
microfiche.
MEDIA ..ol Magnavox Co.... [ 0, C | Address...| Medinm..| General....... Delayed.....| Off-line.....| <8¢" x14”__. Clrx‘l%mlcro-
che.
METR'CARD  Analysis | Thomnean Ramo | INA | Search..._| Large.._..| Speelal— Tmmediate. .j On-line._._..| Per eamera_.._| Chin miero-
Corsole with Com- ‘Wooldrldge, hoto Intel- fiche.
puter. Inec. {zence
processing.
MICROCARD System..... Mlerocard Corp...| ¢, C Search....| Small.__..[ General....._. Delayed.....[ Off-line.... .| Per camera.___| Microcard..._.
Microcrtk IT..__.......| Natioma* Bureau | O, N | Search._..| Medlum_.| Speelal—ab- Delayed.___. Off-line.....| <37 x5"...... Sheet micro-
of Standards. stracts only. fiche.
MicroeiTE 11, Madel 2..] Natianal Rureen D Search. .. .| Mediuni..| Special—ab- Delayed._ .| Off-line.. ... <3 X Sheet micro-
of Standards. stracts only. fiche,
Microfi'm_ Finder— | Massachusetts D Address.__| Small_____ General__..._. Delayed.....| Off-line..... INA......... Holl micro-
Rcader System. Institnte of film.
Technology
Mierofilin Storage addl | (eneral Preeision | O, C._| Seareh....| Medinm. .| Genernl._.._.. Tnnnedinte (with) shant.... Per eamera....{ Aperture
Retrieval System, Lahoratories, Delayed (witl) off-line, . ... microfiche.
Mosler 8afe Co.
Micro Inmage Loeator...| Natinnal Burenn O.... | Address_..{ Medinm. .| Speeial— Delayed.._.. On-line...... Generally Stieet
of Standards. limited small. microfiche.
inforiation.
MICROLEX File._........| Lawyers Corno- 0, C_.| Address...| Small..._.| Speeinl—Inw Delayed._.... Olf-line. _... Book pages....| Microlex.-....
rutive Publish- N ¢ books only,
Co. at present,

See footnotes at end of table.
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RETRIEVAL SYSTEM DESCRIPTIONS—Continued

Storage System flexibility
Storage unit | density Aecess Printout
Storage coding capacity (In images Selection time ¢ Output $ time ?
per eu, L) Up- (Change| Add | Purge
date
P}lm(tloolectrlclmcgml 7,200/reel._..| INA___...| Automatle..._____.__. 20min____| Display---co.o_..mnn NA ... No..| No....| No...| No.
ndex,
Photoeleetrie on docu-| 12,000/reel...] 1.3 x 10¢__.| Automatle._.._......- 1.2 min.___{ Duplicate of origlmul } 0.1 see.......{ No._[ No._..| No___f No,
ment image. EAM cord,
Photoclectric on doe- | 12,000/reel.. .| 1.3 x100___| Automatie._.......... 1.2 min.___| Duplieate of original | 0.1 see., INA| No._| No....| No...| No.
ument image. EAM card, magnetie
tape.
Plhgtonlcctrlclmcgrnl 4,000/drawer | 1.6 x 104_._{ Automatie, magazine..| 1.0 min____| Display; orlginnl echip.| Auxiliary___| No | No....| Yes..| Yes.
ndex,
Electrotmechauical Varfes_....... INA___...{ Automatie...._.___..| INA._.__. Display; aperture Auxiliary_.. .| Yes.] No.__.[ Yes__[ Yes.
integral Index. eard ltself,
Magnetle separate INA ... INA_.....| Automatie.. ... INA...... Display; duplieate INA. ... Yes.| Yes.._{ Yes._| Yes.
and photocleetric chip.
Integral index.
Eleetromechanieal 80/magnzine | INA_. __.| Automatie._.___......| 1.0min____| Map with current in- [ 1.0 min______ Yes.| Yes._.| Yes._| Yes,
integral index. formation,
Visual integral index__| INA_.______ INA ... Manual..._._.___.._. INA ... As desired with anxiliary equipment.| No..| No.._.| Yes..| Yes.
M;:c(tlmnwxnmegml Varfous...__ INA_._._. Semfautoatic ... INA ... As desired with auxiliory equipment.| No..[ No....| Yes_._{ Yoz,
ndex,
Photoelectric count- | 2,500/reel.___| 2.4 x105._.} Automatie, magnzine..| 5.0 sec._.__| Display; hard copy..-.| 26,0 sec...-. No .| No..._| No_..} No,

ng fudex.

Visual counting 2,500freel____[ 2.4 x 105___| Semifautomatie, 10.0sce....; Display; hard copiy-..- No....| No.._| No,
index, magozine.

Magnetic integral 30,000/block.| 2.3 x104___| Automatic, magazine..| 3.8 min____{ Display; systemayer- | INA_____. Lim-| Lim- | Yes_._| Yes.
index, ture card, hard cor'y. fted.| fted.

Pllnotloclcclrlc integral | 200/capsnle.. | INA______ Semijantomatic ... 1.0min._._{ Bisplay; hard copy....] INA__..____ No..| No.._.] Yes__] Yes.
ndex.

Visual und rhoto- soAnsgazine. | INA._.._.[ Automaticor tnamml, | INA. ... DisSpIaY . coee oo NA_ ... Yes. | Yes.__| Yes..| Yes.
clectric {ntegral nnagazine.
ndex,

Visual integral index__| 80fcard...___ 23x105, | Manual.____________. INA____.. s lay; microcard NA. ... No..| No..-_| Yes_.| Yes.

itself,

Optical serarate 18,000/sys- 7.5 x104_._| Sewminntomatie _...... 15.0 sec._..| Idsp lay; filmstrin, 1.0 s¢ee¢., 10,0 { No._| No....{ No...| No.
index integrated tens, snapshot {Polarold). sec,
for seareh.

Oy tical sepurate 18,000/ 7.5 x104___| Semiautomatie, 15.0 see._..| Display; Alstrip, 1,0 sec., 10.0 | No..j No____| No...} No,
index integrated sheet, magazlne. snapsihot. see.
for search.

Visunl stroboscopic INA. ... INA..._. .| Semlantometic ... INA...... INA e INA_.......| No..| No._._[ No...| No

integral index.

INA . §,000/drum.__| INA.___.. Automatic, magazine. | 4.0see..... Display .o NA ... No | No__.| Yes..| Yes,
Eleetromechanical 10,600/ INA...._.{ Automati.. ..., 2.0sec...-. Copy, photopaper.....[ Inchided in | No_.{ No.___{ No_._.{f No,
synchronization. sheet. HeCOSK

time,
Visnalintegralindex .} INA. ...} INA.___.. Manusl..ooooooieonn INA ] Displayeceoocecaanas NA..ocoooaal Noooy No,._.! Yes. .| Yes.

See footnotes nt end of table,
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Appendix A: FACSIMILE STORAGE AND

Developer or Response Integration
Name nmanufacturer Status ? "Type Size 3 Purpose time function Input size Stornge media
Miero ResenrchiSystomn.] Potroleun Re- 0, C__| Search.._.| Small___.. Spocial—as Delayed..... Off-ino... .. <84 % 117 Unit
scarch Corql. now and strip nieroficlo,
avnilable. eharts,
Medium.__| General.
MINICARD . e cicmnn Eastman Kodnk 0, C_.| Search..._| Large.._.. General.......[ Delayed..... shnnt....... <8W’ N 147 . Chnl)
Jo. microficho,
MINIMATRIN . coaeiamnnas Jonlters Business | O, C._| NA.-..... Medium..{ Specini— Delayed..... Off-line._. .. 0" x 11” only,. :»rIF
Machines, Ine. index only, B nicrofllm.
MIRACODE. ccenooi oun Recordnk Corp....| O, C_.| Search.._.{ Mecdium..] Qeneral...__.. Delayed..... Off-line_. ... Per caniera..._| Roil
microfilin,
Photochramic Mlero- | Natlonnl Cash 0, C..} Address__.| INA.___.. QGeneral....... Delayed___.. Off-lino__._. Per camera-...| Unit
Image System. Register Co. microflche.
Photn-Magnetice Peter Jantes.......| Po_... Seaacho_. | INA...... Qeneral._..... Delayed.._.. Off-line-.._. <8%" x 14”°...| Roll micro-
Yu.am, filin, mag-
netle tape,
Rondom Aceess Docu- | 1lallierafters Co...[ O, C_.| Search____| Medimn__| General...._.. Delnyed..... Of-lino.....| <34 x44”._..{ Roll
ment Indexing and microfilm.
Retrievai—nrapim.
RAP600....o.coouen....| System Develop- | O, C..| Address...| Small___._ Specinl— Delayed.._... Off-line... .. INA . ooaaoe Slide
ment Corp. teaching microfiche.
machines
and the
like.
Rapid Access Look-Up { Ferramti-Packard | O, C_.| Address. .| Medium._| Genernl..__.. Nelnyed.....] Off-line.._.. INA... -! Roli
Systein. Electric, Ltd. microilm.
Rapid Sclector__....... Nationnl Burean | O, N__| & reh.__.| Medium._| Genernl.__.._.. Delayed.... Oft-line.__.. <22 x 34’__..| Roll in‘cro-
of Standnrds. lin.
Scventy Millimeter Photo Deviees. D..... Scarch. ...| Mediumn._| Qenernl.._... Delayed..... Off-line..... <317 x 31”_...| Roll micro-
Sclector. Inc. film.
Unitized Microfllm Xerox Corp......-. O, C..| Address._.| Mediumn__| Genernl....._ Delayed..... Off-line.__._ <40’ x50”_...| Aperture
System, microflche.
VERAC. cceccaacamannnn Avco Corp...._... 0, C..| Address_..| Medium..| Genernl__._.. Delayed._... Off-line. ... INA ... S"ﬁ"ﬁ micro-
che.
Video File System..._. Radio Corp. of D..... Search__..| INA...... Qeneralo.o.. . | Delnyed....C Off-lino..._. <84 x 11”___| Vidco tape
Ainerien. (clectronic).
WALNUT o eeecaaaeen International O,N__| Scarch_.._| Large._.... Qeneral...._. Delayed..... Shunt__.._._ <8 x 14”’_._| Strip micro-
Business Ma- film. also
chines Corp. magnetic
index
(electronic).

1 This is o comnprehensive Hst of all systems which conld be identified; therefore the following systems, for which no deseriptive information was made
uvnilable, deserve mention; Litton (developed by Litton Industries, Inue,), Microprint File (developed by Readex Mieroprint Corp.), Rapid Random Access
Protector, Recall Filin Index System, Speetral Data Card, Target Muap Coordinate Loeation, and Viewer Reprodi-cer.

2 Letters in this column are dzfined ns follows: O—operational, C—cottinereial, N—noncominereinl, D—develupmental, P—proposal.
3 8ystems are designated as follows: Small—less than $10,000; medium—$10,000 to $200,000; large—uiore than $200,000,
¢ Access time refers to the time required to get a display finage.

8 Digplay refers to an inpermanent reprodnction on n reader or console sereen; copy is used to des!

speeifie infortnation about the type of copy, e.g. punched paper tape, is given when available.
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Storago Bystem flexibility
Storage unit | density Access Printout
8tornge coding capaeity (in imuges Scleetion time ¢ Output ¢ time ¢
per cu, it.) Up- [Chonge| Add | Purge
dato

Mochanteal integral 110,000/ 1.2 x108_. .| Sominutomatic........ 3.0 min....[ Disply: ilin eurd, INA 150 No.. [No.... [Yes.. |Yos.
index drawer. hard copy. s0¢.

Plotocleetrie integral | 24,000, 6.8 x 105, .| Automntic, mugnzine..| 1.0 min.... Dls{)lny: duplicate 2.08eC..... .1 No..| No....| Yes..| Yos,
index. stick, Nim ¢hip.

Opticalintegral index. 100,0?0/ 1.0x100. .| Manualo... ... 10.0min...] Display....o.oooooo. NA.........| No..[ No....| Yes..| Yes.

strip.

Electronic fume- 2,500/ree ...} 2.4 x 104, .. Automntic,magnzine. | INA...... Disploy: hard copy....|"25.0sec...... No..] No....] No...| Nn.
tlonally intcgral
indox.

INA e 2,625/plato...| INA.-uu.. Semisutomatic........ INA...... INA e INA...._.. No..| No....| No...| No.

;\Ilnxilnozlcsrpurmo INA oo INA.....} Automatie. ... INA...... Iard Copy .o omeen.n INA...___. Yeos.| Yos..-| No...| No.
ndaex.

Photoslectric from 10,000/rcel...) INA. ... Scinlautomatie, 2.0 min....} Display: ncgative 20min. ... No..| No..__} No...| No.
separato index. magazine. Kalvar filmstrip or

aperture card,
INAC e s 0/ INA..__._| Seminutomatie, 7.0scc..... Display . NAcoooaoeoe No..| No....| Ycs..| Yes.
systomus, magazine.

Pl}otlndcctrlc integral § 880/rect..._. INA e oe Automatic, magazine | 3.0sce.....| Display No..| No....} No...] No.
ndex.

Photaclectric 36,000/reel .. 9.6 x10¢._| Automatic.. 6.0 min....| 35 mm roll microfilm..| On the fly._.| No..| No..._| No...| No.
integral index.

Photocleetric 3,200/reel._.. | 1.5x 103 _| Automatic.... ....... 5.0 min....| Display, 3 hard 20.0sCC_.. .. No..| No....| No...| No.
integral index. copy.

Visual integrel INA_...... INA..._.. Manual.ooooeooooo . INA__.... Display; 24" x 36" INA ... No | No ___j Yes..| Yes,
index. Xecrox.

Mecchanica) integral 1,000,000/ INA ... Automatic, magaziuc..| 2.0 scc.....| Display; microfilin....| 0.58¢Cc... .. No..| No._._.| No._.| No
index. systenis.

Magnctie integral 36,000/reel.. 1 L4 x 105...| Automatic...coaoeono. 5.0 min._..| Display; clcctrofax 7.050Ccucnnnn Yes.| Yes...| Yes..| Yes.
index. hard copy.

Magnctic scparate 990,000/ 1.4 x 104..| Automatic, magazinc..| 12.0 scc....| Hard copy, aperture 20.08ce., No..[ No....| Lim-| Lim-
index. module. card. 10.0s8ce. fted. | fted.

printout time.

¢ Printout time refers just to the timerequired to produce thic hard copy: the total Iapsed time from access to hard copy would be the sum of acecss time and

? INA—information not available.
3 N.AA—not applicable.

? T'his system has been succceded by MIRACODE described below.
19 This system 18 the successor to AMFIS,
1t This componcnt is manufacturcd by the Minnesota Mining sud Manufacturing Co.
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‘When two printout times arc lsted they refer respeetively to the different output forms available.
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CONFERENCE SESSION IV

Libraries and Automation

RUTHERFORD D. ROGERS

Library of Congress

Before we start this morning’s discussions, I
would like to do a little stocktaking. I want to
try to express the point of view of librarians for
the benefit of the computer people who are lere.
At the same ti.ue, I am going to try to assess what
has been said so far in the conference for the bene-
fit of those who are not technical experts. I will
address myself first to problems which are both-
ering librarians and for which we are seeking help
fromn the computer technology.

Let. us begin with the processing end of library
science. Certainly, most research. libraries are
worried about arrearages. If they do not actually
have arrearages—and I think most libraries do—
they are concerned about keeping up with the con-
trol of their collections. It would be wonderful if
computers could speed processing or soinehow sim-
plify it so that it took less manpower. In this
same vein, we are concerned about the wasteful
duplication of effort among research libraries,
about the fact that so many of us are doing the
same job. One of the reasons for this is that
processing is slow and expensive with the result
that present efforts are not prompt, or comprelien-
sive enough to satisfy everyone.

The largest research libraries have problems
reeping track of serials; such libraries are unable
to keep up with claimns for missing issues, and they
are not as sure as they should be that they are
getting what they are paying for. Even in mono-
graphic literature we librarians have occasional
difliculty making sure that we do or do not have
something. This is partly a result of not having
all our records up to date. Therefore we run the
risk of ordering items that we already have.

We are concerned about. the depth of indexing.
I know that, there will not be universal agreement,

14

-y

J

on this even among people at the Library of Con-
gress. Perhaps we wonld be reasonably satisfied
with our control of monographic materials if proc-
essing were up to date, but we certainly do not have
the control in depth over serial literature that we
would like to have.

We are concerned about the size and the com-
plexity of the card catalog.. It is expensive to
maintain; the bigger it gets, the more expensive
it gets. Size slows down filing and makes it hard
to find things. We are concerned about the comn-
plexity of our notation system for classification
and relative shelving. Too many mistakes are
made in putting long and involved call numbers on
the spines of books. This same complex notation
is dificult to manage in shelving books with the
result that a lot of items get nisplaced so that for
all intents and purposes books are lost.

On the subject of relative shelving, I suggest.
that a good many people who call themselves schol-
ars are deluded into thinking they can really do
research work by browsing. There is no doubt
that there are certain things one can accomplish
by browsing. But anyone who is half a librar-
ian—or half a scholar—knows that there is no
one place or no two or three places in a big collec-
tion where one is able to get everything needed on
asubject. From that standpoint, the bibliograph-
ical approach is much sounder than the browsing
approach.

TWe are also concerned about. maintenance of sub-
ject heading lists and classification schedules. If
liearings are clearly ont of date or if we do not have
an appropriate heading for a new subject, then
to that extent. our tools are weakened and the tools
of all libraries that rely on our system are wealk-
ened.  With present methods, the size of the staff
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and the publishing costs needed to keep subject
heading lists revised and reissued as frequently as
they should be are fairly monnmental.

We are concerned about space, which is the béte
noire of all large research libraries. Perhaps
there is a solution for this in microreproduction,
but I believe that the space problem is related to
some other problemns that are perhaps much
deeper than just square footage. We should be
concerned about eliminating the redundancy in our
collections, and also the unused materials. I know
these are both very dangerous statements because
we all know from experience that there are books
which lie unused in research libraries for years and
then become vitally necessary. But if you ap-
preach this problem from the sfundpoint of redun-
dancy you will agree, I believe, that we have a
terrible layering of the same information and that
frequently one book would be just as good as a-i-
other for the research worker’s purposes. Fu -
thermore, the redundancy in our collections com-
plicates the administration of research libraries in
organizing and keeping track of these materials.

Perhaps even more serious, particularly if we
were to become automated, is the possibility of in-
undating the individual reader or user of the
libvary with a superfluity of material. This is a
subject about which we are already hearing a great
deal.

Finally, we are concerned with the speed of re-
sponse, not only the speed of response for readers
but also for internal processimg—searching as part
of the acquisition and ordering functions, the es-
tablishment of entries, and similar activities.

Now, if T have understood what has happened
so far, the specialists have told us that we are not
yet at the point where we can feasibly store the
intellectual contents of all the books and docu-
ments of a large research library in a computer.
We are going to discuss graphic storage this morn-
ing, but this is just a variation of what we are
already doing. We can store the bibliographical
approach to the collections and, as I understand it,
this means that we can not only put the National
Union Catalog into the computer but also other
catalogs. Tu so doing we have a record of the
Library of Congress and of each contributing
library in the computer store. o

I do not believe we said very much about another
possibility, that of having the computer store bib-

liographic information now issued in book form.
Yesterday Dr. Taube said that we may be ap-
proaching the time quite soon when some of the
big abstracting services will not publish in book
form. 'The only way that we will then be able to
benefit from these services is to obtain what they
do in some machine-readable form and get it into
our computer system; by having it in our system
we would be able to speed the access to the entire
record.

It has not been claimed that we can speed or
even facilitate the actual indexing of serial mate-
rial by machine, although I would hope that & com-
puter might make this possible some day. (I am
thinking now of the work that Swanson and others
have done in machine indexing.) The computer
does, however, hold out a definite promise for man-
aging the tremendous bibliographical apparatus
that would be required if we are to have control of
individual serial articles in essentially the same
place and in the same manner that we control
monographs. The absence of this control, I think,
is one of the big weaknesses of our present system ;
certainly scientists are increasingly dissatisfied
with it for this reason. I believe it has been prom-
ised that automation can speed up our access to the
stove, although there seems to be a difference of
opinion as to whether or not we are going to get in-
stantaneous response, or whether there will have to
be a delay of some duration in order to batch
requests.

I wou'd hope that a computer might make it
possible to simplify establishment of entries, even
though librarians would still have to do a good deal
of the descriptive cataloging. It does occur to me
that one does not need quite as rigid a system as
we now have for descriptive cataloging, simply
becanse there could be so many different access
points to a given document by virtue of the flexi-
bility inherent. in computer manipulation of data.

It is reasonable to expect that automation would
improve our acquisition procedures in at least two
fundamental ways: (1) by assuring that materials
in the library ave reflected promptly in the catalogs
and (2) by making it possible to determine more
rapidly whether we have a given item. A study
that we made at the Library of Congress indicated
that a searcher spends most of his time walking
from one tray to another; it is not the time he
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spends after he pulls the tray out, but the transit
time, that consumes his working day.

Stated another way, I would hope that comput-
ers would assist the research worlker and the li-
brarian to exercise effective command over the
contents of a very large library. I doubt that any
of us would claim that we are doing so at present.
Furthermore, computers and modern communica-
tion channels and devices would make it possible
for research workers at remote points to have
access to a central store. This would mean, first of
all, that it would not be quite as important that
each library maintain separate card catalogs. If
one had adequate access to a central catalog that
had the records of the local library as well as those
of other libraries and, secondly, if one could get
from this central record, by reasonably inexpensive
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printout, a book-form catalog, the necessity of
maintaining a multiplicity of local card catalogs
would diminish. However, where such local cata-
logs were maintained, certainly the processing
function could be completed much more rapidly by
querying the central store.

Finally, I hope that, in effect, the computer ex-
perts are telling us that if we adopt computer tech-
nology, even though it is not perfect at this point,
we will be setting the stage for much more impor-
tant develonments in the future, when we may ac-
tually put the intellectual content into the ma-
chine in digital form and manipulate it, when we
can eliminate redundancy and furnish the reader
with the information that he needs, perhaps not in
book form but in capsule form, giving him what he
is really seeking, regardless of the form in which
it was originally published,

Review of Microforms: Preliminary Remarks
JOSEPH BECKER

Introduction

We are talking this morning about the paper
which Sam Alexander and his group at the Na-
tional Bureau of Standards prepared and which is
designed to survey the current status of graphic
storage techniques. I think it does this well. It
describes in some detail the materials and the forms
that exist for storage; it touches on the viewers to
a certain extent; it dwells rather heavily on the
systems and the equipment used for graphic stor-
age—here its information is derived from some 50
or 60 questionnaires which were sent out to cus-
tomers and manufacturers who either use or
produce graphic storage equipment. The paper
concludes with an indication of the research and
testing needed in this field, and it also touches on
several library problems. Now the field itself is
rather technical, and I have chosen to review some
of the technical terms with you so that in the dis-
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cussion period we will be talking from the same
foundation.

Microform Materials

Let’s talk first about the material. When we
speak of film todny we no longer speak of just
silver film; rather we are talking about a much
larger family of materials. It is useful to know a
little bit about these materials so that we have an
appreciation of their capabilities.

Silver halide is quite common to us; we use it in
our box cameras, and it is the first kind of film that
was employed for graphic storage. Dinzo fol-
lowed. This is a dye material which is «nated on
a film or mylar base. By playing ultraviolet light
over it you disintegrate certain portions of the
diazo compounds and, where this disintegration
does not take place, when you subject the material
after exposure to ammonia vapor, it brings out the
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dye that remains in the coating. This imbeds itself
into the film. So whereus silver has a layer which
you can scratch, dinzo imbeds itself into its basic
layer and is not as susceptible to scratching as is
silver, Diazo became quite attractive to film people
because it was a relatively dry process; it needs
only to go throngh this gaseons ammonia for de-
velopment and does not require the wet chemicals
and fixing that is customary with the silver.
Kalvar wns a development which eame a little
Inter. It is the snme :aylar but conted with a eol-
lection of little gns bubbles which, again, is sub-
jected to heat. The heat, which need only be that
of a warm iron, will actually cause some of those
little bubbles to break and form lght scattering
centers which resuit in the image which we see on
the film. IKalvar is even more attractive from a
developing viewpoint because it just requires heat;
it is a dry form of copying. Kalvar film actually
works through two little rollers that have a little
heat coil in each one and they produce the image
rather dramaticaily and very quickly.
Photochromics is an even newer technique which
the National Cash Register Co. has been working
on for the last several years. We are most accus-
tomed to photochromics, in a sense, in the “no-
carbon-required” paper. Forms, which used to
have the carbon interleaved, no longer have the car-
bon because the verso of each form is coated with a

chemical material, which consists of a collection of

microscopic bubbles, and by pressing hard on the
surface on the face of the first form you are break-
ing some of the bubbles. These bubbles contain
dye which, when exposed to air, resnlts in the
image. The NCR people have actually coated film
with the same type of substance. In this case, how-
ever, there is no breakiug of these little bubbles,
instend, by playing ultraviolet Iight on the film
the bubbles change from a colorless state to a
colored state, and this gives the resultant image.
This technique has even greater power becanse
you can crase the colored image with white light if
you choose. So here then is a technique for re-
cording information on film and then at a later
stage renoving an image or a line of an image
as well. The developing processes here are dry
so this makes it even more attractive.

Thermoplastic, a General Electric developmeiit, .

is newer than all the other techniques. It is a
surface conted with a plastic material which is

subjected to an electron beam that optically re-
cords graphic information on plastic {ilm essen-
tially by melting the plastie,

The lust technique is video which is equivalent
to recording information on video tupes, just as
we do for our rv commercials and broadeasts.
There has been some work done in this field, par-

- tienlavly and notably by RCA, but there are not

very many systems, if any, that employ this tech-
nique at the present time.

Microforms

So, very quickly, that covers the materials in
the field and it embraces what I consider the in-
teresting one.  Tho report then deseribes the
microforms themselves, that is, the way in which
we use these basic properties that T have described.
The basic materials ave used in one of two ways,
and I think this veport very iuterestingly classi-
fies these two ways and helps us to remember the
categories logically. These two basic classifica-
tions are the (ransparent or translucent group
and the opuque group. In the translucent group
are the conventional rolls of microfilm. In
library work we started with 35 mm microfilm
for journals, newspapers, and the like; 16 mm
microfilm was introduced a little bit later. There
are strip forms in which this transhicent form
can exist: this is nothing more than chopping up
pieces of a reel of film and handling them that
way. There is the seroll which is essentially a
wider reel, but there are scrolls of individual
images. These are again translucent or trans-
parent and, in order to view them, yon normally
use projection techniques: you put the light
through the image.

For storage purposes there are jackets which
are little sleeves of transparent material so that
as you photograph the basic data you can cut it
up and slip it into a glassine sleeve and the full in-
formation is contained, for example, in a 5 by 8
inch arca. This has the added advautage of per-
mitting the addition of material to any given
file if the need arises.

There is the sheet film which requires a step-
and-repeat camera. The end result is a translu-
cent 5 by 8 or 8 by 5 inch form (you pick the
size), which is actually a sheet of film on which
data have been deposited, image by image, in
horizontal rows.
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There is the window, or aperture, card which is
made by tuking one or two images at a time from
the reel and mounting them, using somg pressur-
ized dovice, into a little ndhesive-lined window;
then yon can reproditce as many as you want.
There are some systems which employ up to eight
16 mm hnges on an IBM card so that you have the
advantage of punched information on the left side
of the card and can still store up to eight images
on the right-hand side of the card. The Filmsort
Co., a subsidiary of Minnesota Mining and Manu-
facturing Co., is probably the chief manufacturer
of aperture cavds.

And, finally, there are chips which are essentiatly
slides or Minicards, which I'll come to later. The
opaque form, the most common to the library usage,
is the Microcard, Inthismedium the original data
are recorded on film, and then the resultant 16 mm
negative is contact printed to the reverse side of a
3 by 5 eard. You can get from 30 to 60 or moro
images on the verso of a catalog card and use the
front part of the card for recording bibliographic
information. Microtape is similar but has the ad-
vantage of being on adhesive-backed material, and
instead of 3 by 5 cards it is in strips. This gives
you the opportunity then of snipping off your
contact-printed material and adhering it to any
kind of a document for storing this type of data.

Microprint is something which the Readex Co. in
New York features. They produce a sheet of film
which then burns an offset master from which one
can actually produce paper microreproductions.
This is another opaque form of storage. Finally,
there is Microlex, which is an opagne sheet of film
for storing records on both sides.

Very briefly, I have reviewed the two forms in
which this material is kept for storage purposes:
on a transparent or transhicent medium, or on an
opaque medinm. In each case these microforms
require viewers, and this has been a thorny prob-
lem for librarians because viewers (1) are expen-

sive and (b) present some technical difficulties,

not the least of which are the hot spots on the film
and the high lights in the center of the projection
sereen as opposed to the requivement for high in-
tensity of light in order to get a clear reflected
image on a ground gluss screen from an opaque
form of stornge.
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Address-Type Microform Systems

The report then classifies the systems that have
resulted over the years for storing some of these
materials. Again, there are two basic clussifica-
tions: “address-type” systems and “search-type”
systems. The address-type system refers to the
form of stornge that requires only a number, or
one identifier, in order to locate the material. The
search-type system provides a facility for a
greater number of selection criteria. Given a
file of material in numerical sequence, with the
address-type system one could retrieve data im-
mediately if the item number is known, Search
systems have digital recording associated with the
document. image so that one can do some Boolean
operations, logical operations, and find data that.
wily.

Crrs is a mechanized scroll that consists of thou-
sands of images lnid down side by side. Upon re-
ceiving an address, the machine locates the , y
coordinates of a given image and projects it on a
scereen,  Media utilized the same approach except
that the docnment is on a little chip about half the
size of a 5-cent stamp.

Walnut isan IBM machine,a very expensive one,
which uses Kalvar strip film on which are placed
pairs of images. These strips ave loaded into plas-
tic cells so that there may be something like 10 or
20 strips to a cell and as many as 100 or more cells
to a bin and the system can grow that way. In this
system you can retrieve any image in any cell on
any strip Ly knowing its address. When the ad-
dress is speeified, the machine cycles to the right
plastic cell location, grabs the particular strip,
pulls it up to the proper height, and shines ultra-
violet light throngh the Kalvar strip onto an un-
exposed Kalvar aperture card which becomes ex-
posed at that particular point. (Iach Kalvar
aperture card can hold about § imager.) The
card then moves throngh warm rollers that produce
the final product ready for viewing. The Walnut
machine ean be addressed manually by hitting a
series of numbers. It also can be hooked up to a
computer which performs the intellectual opera-
tions and massages the basie data and comes up
with a series of numbers which lead to the Walnut
cell, or it will produce u collection of IBM eards
which can then operate the Walnut machine.
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There are examples of equipment associated with
each of these systems. I have just briefly enumer-
ated some of them; the report gives a good sum-
mary of all of them, although it doesn’t describe
them in much detail. Frip, Film Library Instan-
taneous Presentation, built by the Benson-Lehner
Corp. for the Air Force, isone of the first machines
of its kind—a sequence finder for microfilm. It
consists of a 2,000-foot spool of film containing
something like 72,000 frames; when you ask for
document number 65,321, for example, the machine
automatically cycles to that particular location,
and you then view the document on a screen.

Lodestar is a more recent machine produced by
the Recordak Corp. of Eastman Kodak. This
company has introduced one of the few novel-
tics in thi~ area in the last few years, and a rather
successful one, namely, cartridge film. In the
library world we have primarily been accustomed
to using spools of film; these require threading,
and we have concern about the film being scratched
or otherwise damaged. Cartridge film, such as is
used in home movie cameras, requires a very sim-
ple form of loading. Lodestar is the same type of
thing. Whero there is inherent indexing, as in our
journals and newspapers, we' can find something
by knowing the journal title, date, and the page
of a given article. If material is microfilmed in
sequence, one then can zeroin on a given page with-
out much trouble. Lodestar recently hooked up
a little device which looks like an adding machine
keyboard; data can be retrieved when one types
the six or seven numbers representing an image
location on the 100-foot spool. You go in with a
given address, punch the keyboard, and the ma-
chine locates the information for you at once,

AVCO Corp. has worked on an experimental de-
vice called vrrac which reduces documents 100
to 1 (you are looking at the round head of a pin
at that reduction) and deposits the imaoes on a
10 by 10 inch glass plate. Abont 10.000 such
images can be stored on the face of a plate; the
idea is to get a well of these plates, Given the
address of any one image, the machine would cycle
to a particular glass plate, pull it up, and then a
television scanner would come in and with three
orthogonal motious locate the z, ¥, and 2 location
of the particular image and display it on & monitor
at some distant location or produce a hard copy.
These then are the address systems.
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Search-Type Microform Systems

Tlhe search-type systems are a little more compli-
cated. We know them best in the library world
by the one which Vanhevar Bush and Ralph
Shaw worked on in the middle forties. They
wanted to put on 2,000-foot spools 35 mm film
abstracts from the RBibliography of Agriculture
with some digital code alongside. The object was
to search by specifying code selections, after which
the machine would then find the particular ab-
stract, shoot right through it onto some unexposed
filn and, finally, provide the user with a small
strip of film which contained the abstracts most
pertinent to his particular request. Now they
had technical difficulties in those days, mainly
with acceleration and deceleration of that film;
they just hadn’t achieved it at the time. It used
to spill out over the floor, particularly when there
were several successive hits all in one location,
So that was put on ice for a while, although in
recent years the National Bureau of Standards
reworked it and a descendant of the Rapid Selec-
tor is functioning now in the Burean of Ships at.
the Navy Department in Washington.

Filesearch is probably the latter day sophisti-
cated Rapid Selector. Here the mannfaeturer,
FMA, Inc., has overcome all of the technical diffi-
culties thut plagued the Rapid Selector. This
machine can perform many types of basic logical
operations; it can find things on a reel of film quite
well; it can produce images on a ground glass
screen for viewing; and it can provide a print, a
hard-copy enlargement, directly from the same
device.

Minicard is probably the most sophisticated
chip-type system ever produced. A whole family
of equipment, was designed to manipulate chips of
information. Data is reduced at a ratio of 60 to
1, so that about half the area of a 5-cent stamp
holds 12 pages of documents and a code equivalent
to a full IBM card. This system requires special
camera equipment to record the codes and the
images at these reduction ratios simultaneously.
It requires a chopper to put these things into their
exact dimensions, a waxer that coats them in order
to preserve them better, a sorter, a selector, and
quite a bit of storage equipment. Now this is a
rather elaborate system but it taught the profes-
sion a great deal about the associated technology.



The whole point was that whereas with linear
systems—for example, Filesearch and Rapid
Selector—yon normally would have to go through
the entire reel to locate a particular document,
with the chip systemm you have & more or less
random appronch. You can locate individual
items more rendily if you have organized the store
to begin with. Filmorey, invented by the French-
man Semain, is the same type of iden (except that
the chips are bigger).

Video File was introduced by RCA about a year
ago. They have prototype equipment in Camden
but it has not received too much attention within
or outside the company for some time. The idea
here was to scan documents with a video scanner,
record them on 2-inch-wide magnetic tape spools,
locate records digitally, and then exit them with
video technique by getting inages on a 1v tube.
On a magnetic tape one has the option of recording
video information as well as digital information.
The usefulness, of comse, with Video and verac
is that data can be commur.cated over great dis-
tances to remote locations.

Areas for Research

The report indicates that we need inore research
in the library world to understand these address
systems and search systems and to recognize where
each can be used profitably. We are not using
search systems in research library environments
today, that I know of; we are using address sys-
tems. We do this becaunse our material is fairly
well organized to begin with. Where lieterogene-
ous material is to be organized, then search
systems become candidates for consideration.

The report mentions man-machine interface.
Here is the console again coming in, because if you
have a seaveh system that will permit logical com-
binations to be asked for then you have the sune
situation as you do when the individual wants to
communicate with the closed system of the com-
puter.

Theve seems to be an indication that we need
better methods of reproduction and enlargement
from film. Librarians are very conscious of this

‘ and they would like to get dry copies and enlarge-
. ments that, will be aceeptable to their users. Color
is another important area that deserves research
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because we have been concentrating ma‘nly on
black and white, and there are problems rssocinted
with recording and enlarging in :olor.

Remote communications is another axea that has
not been fully explored. Finally, there is needed
research in the aren of these new materials—ther-
moplastics and photochromics, What can these
do for us now as storage median? What advan-
tages can we derive from them that we cannot get
from some of the more traditional media?

The report cencludes by identifying some li-
brary problems, particularly as they relate to the
contiming growth rate in libraries. The aim of
microfilm has been to provide more comnpact stor-
age of printed materials; with the rate of growth
that we are experiencing now, space continues to
be o problem. User acceptance, the question of
legibility again, and user fatigue in prolonged use
of microfilm on a viewing screen continue to be
problems, as do the tough copyright difficulties
that exist. Our copyright laws provide some
rather serious constraints to ready, open, and easy
copying. The question of durability and preser-
vation needs to be considered. We have lived with
fillm now for 40 or 50 years, but we still are not
sure that, as a basic recording medium, it is per-
manent enough to satisfy the librarian,

We have had very little experience with cost
data. This came up yesterday in regard to our
regular librnry operations and the same thing is
true here. We have had two good studies, one in
1957 by Pritsker and Sadler (reference G4, p.
139) and, more recently, one by Forbes and Waite
for the Council on Library Resources, Inc., which
was reported in Collegz and Research Libraries by
Verner Clapp and Bob Jordan (reference 24, p.
137). The conclusions of the latter articles were
that with groups of libraries working together in
the initial processing of material, cost advantages
can be achieved that might not otherwise be avail-
able if libraries operated such activities on their
own. And last, the question: Do we need more
mechanization in this field or can we be content
with what we have? I will leave this list of
library problems on the board, throw the discus-
sion open to the floor, and let you shoot at these.
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General Discussion

Wooster: The report might have mentioned the
possibility of Government standards for microfilm,
I get the impression that ATC and NASA, within
the last week or so, have issued a rather detailed
specification indienting that from now on the Gov-
erninent will use an 18 to 1 reduction. Now, I
couldn’t care less whether it is 15.7, 16, or 18, as
long as we finally get together. Those of you who
have had the problem of buying viewers know that
the things are essentinily fixed field and do not per-
mit that much adjustment.

Although it is iinpractical to talk abont costs,
one of the things which we all need answered is
the question of whether to buy a camera or to hive
service done on microfilming, We need illnmina-
tion on that.

Vosrer: I would like to bring out a couple of
fundamental misconceptions in the paper under
discussion. One of these appears in the intro-
duction [page 111], where the paper imyj’ics, al-
though it doesn’t make a great deal of it, an atti-
tude of resistance on the part of librarians to all
of these techniques we are discussing. I think this
is a straw man. We can assuine that with respect
to computers and facsimile microsystems there
is n sense of urgency and need on the part of li-

rerians, and that both parties here today are
trying very hard to move in the right directions.
Actually, although two paragraphs later an ap-
parently emotional or unreasoning concern about,
esthetics is discussed, I don’t think it affects the
total library attitude toward these techniques.
However, one must accept the fact that at a cer-
tain point esthetics ¢ a real problem. The report
mentionsthe attractiveness of finely detailed maps.
If one is talking to a geologist, this is a real prob-
le.n, not an emotional problenm. We are generally
more concerned, I think, with certain imprecisions
and inadequacies in both microtype and computers.
These imprecisions and inadequacies the librarian
must face realistically. If one talks about storing
masses of serial literature, one must think of serv-
ing not only the geologist concerned with colox
but also & imunber of other needs that are impre-
cisely met with present systems.

In this paper the authors said that thus fav the

library community has not followed the lead of

1
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the business world in rushing into the use of new
equipinent. Here again I think there is a funda-
mental misconception about the economy we are
discussing ; after all the library community is not.
& business community. Many of the systems dis-
cussed in the paper are being developed as large
governnental or commercinl enterprises where risk
capital and Iavge sums of money are available.
The economy of the average research library is of
a completely different order. Xven in my fairly
well-to-do libravry, visk capital just does not exist,
and one cannot undertake a gystem withont pretty
full assurance that it will work, that. it will endure,
and that it will be cheaper than the existing system.
Fnrthermore, very few of us in the library world
have access to research and development noney.
In my library we are trying to get some, but it
is not a simple matter. This raises a fundamental
difference that needs to be taken into account by
both parties in the discussion. We are working
in the same direction if we recognize these basic
differences.

Warre: With regnrd to cost studies, I was glad
that you did call attention to Verner Clapp’s arti-
cle. This is, I believe, the starting point for any-
one who wants to consider justifying microfilm in
a library application for cost-vs.-storage reasons.
Now of course the dynamics of the information
problem are being recognized, so that it’s doubtful
that we have to justify everything on storage, but
this opens Pandora’s box in establishing values on
all of these other henefits; we haven’t been able to
do this.

We onght to be cautious in applying microre-
production for the storage of graphic materials, as
far as coupling microreproduction with automa-
tion and mechanization, in the library situation or,
as o matter of fact, in almost any other situation
which we have seen. Perhaps the easiest way to
make this point is simply to say that we have found,
in one of our recent studies, in a situation where
the volume is perhaps the highest I have ever seen,
that the only way to do the operation is manually
because there isn’t an automatic way that is fast,
enough.

Cuarr: As I see it, the great advantage of mi-
crocopy in library work is as a mediwn of publica-

.~



tion. This is not to denigrate its great importance
as a preservative, as a copying medium, as a method
for avoiding costs of binding, as an intermediate
between the original and, let us say, a Copyflo, and
various other things of this kind. DBut its great
potential and still unexploited characteristic is as
a medium of publication, We have some examples
of this, but not much more than examplss. The
International Geophysical Year wus able to pub-
lish the meteorological reports in millions of micro-
cards which otherwise would have taken millions
of feet of shelves for publication in ordinary form.
(Actually this made the difference between pub-
lishing and not publishing.) Micro has made it
possible for any library to have English publica-
tions before 1640, American publications before
1800, and other rariora which no library, no matter
how wealthy, can possess in the original, and of
which no complete sets of the originals exist.

Here then is an enormous potentiality, We are
hardly using it. The reason we are hardly using
it is the high cost of micro! We are now paying,
on a per page basis, as much for micro, and some-
times more, as we do for inkprint material, AsI
see it, in order to improve this situation we must go
to higher ratio reductions. If we get 10,000 irmages
in the place of one original, we've got a lower per
page cost which makes publication and dissemina-
tion extremely attractive. “Okay,” you say, “why
don’t we do it?” 'The answer is very simple—we
can’t read the stuff after it has been so distributed.
There it stands 10,000 pages on one page in some
device—a Walnut, or a Minicard—and there it is
locked up in the machine, far away from the user.
‘We need some quick, reliable, convenient, and in-
expensive intermediary between the microstore and
the reader beyond what we have now. Present
reading devices are not satisfactory. In business
and industry, which is favorably compared here to
library work, they can afford to have well-devised,
convenient, optically excellent machines which
cost anywhere from $3,000 to $10,000, because a
person is employed at a good annual wage to sit
and read bank checks, engineering drawings, what
have you. Nobody is going to give a 4- or 5-
thousand-dollar-a-year clerk a machine into which
he is going to have to squint, and dodge hot spots,
and work in a dark room in a dusty corner of an
antique library. Here there is commercial ad-
vantage; you can count the cost.
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We can’t. do that in libraries, fiscally speaking,
and I doubt if we could do so operationally speak-
ing. I doubt if it would be useful to put an $8,000
reading device for microcopy into a library be-
cause in the first place our readers aren’t trained
to use it, and in the second place this is much better
than they need. All they need is to find a certain
page in the New ¥ork Times or a certain page in
some 16th-century English publication. So we
give them what they need, we give them a Model E
or a Model C, cr something like that, and let them
dodge the hot spots, This is inconvenient; it is the
best we can do; it just barely serves; it is limited.
Tt will never promote the use of micro; it is better
than nothing, and this is about all that can be said
forit. Tobe really advantageous the system ought
to permit this potential user to take away a copy.
This is really the difficulty. The reader-printers
will supply a copy, but it will be a copy at such a
price that you have now Zost the economic advan-
tage of the reduced cost of dissemination. There
is no point in disseminating material at one-tenth
of a cent a page if, in order to read a page, you have
to pay 10, 15, 25 cents for it, or even 6. The eco-
nomic advantage is lost at 6 cents a page; try it on
a 300-page book anytime you wish, and see how
many times you want to give a reader a 300-page
book blown up from microfilm. Not very often,
and the reader won’t very often be willing to pay
for this himsel{.

What is the answer? I think the answer is a
personal reading machine with which you can read
micro as conveniently as you do the original, Now
this was done in the 12th century by spectacles.
In the 12th century, at the age of 40 people stopped
reading. Then along came some monk or another
and he made this contraption and now 60-year-old
men go on reading and writing and telking about
it. It does seem as though in the 20th century we
ought to be able to do almost the same thing for
microform. Somewhere, around one of these cor-
ners here, lies this little reading device which I can
pull out of my hip pocket to read micro, I don’t
know at what ratio, whether 15.5, or 20, or 60, or
maybe a 100, but the librarian will be able to hand
out little strips at a fraction of a cent apiece and
not at 10 or 15 cents per page for hard copy. At
that time the use of micro in libraries will be
liberated. '

Now, let me just finally point out, having made
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this lengthy address, the potentiality of this in
solving some of the problems that Rudy Rogers
has talked about. First, the reduction of size. If
our major research libraries could agree on a stuck
of books to be reduced, to be eliminated, or to be
sent to second-rate storage (in Herman Fussler’s
terms) maybe we can agree to reduce this by high-
ratio reduction microphotography to a few file
cases—retaining the catalog of it, retain® ~ ability
to have access to it, actually making it " avail-
able than it was before because now & .y sub-
scribing library will have copies instead of just
having the material scattered arcund.

You see in the Human Relations Area Files, for
example, the potentiality of organizing material
by selection and microcopying. The same potenti-
ality exists in a great many subjects. Albert Boni
some years ago offered the American Chemical So-
ciety a service by which he would reproduee in
microprint all the articles digested or abstracted
by Chemical Abstracts, and he had the thing fairly
well laid out. ACS bowed out because of the copy-
right problem. Copyright problems can always
be licked. There is just a little matter of payment
involved. Now weareback to potentialities again.

Hererin : A good way to look at the problem of
microforms 1s to look at it as an engineer would.
In communication by radio, as you know, we have
two kinds of wavelengths. We have the so-called
audio, which is the long wavelength, with which
we spealt; the waves are many feet long. When
we propagate these waves by means of transmission
sets, the transmitter changes the frequency, reduces
the wavelength, and sends it at a much shorter
wavelength. This has the advantage that smaller
equipment can be used and the wave can travel
faster; in other words, it is a purely engineering
device which changes the scale of the wave. In
the same way in the visual field, we can take some-
thing which we can see with our eyes and we can
reduce the scale to accomplish various purposes.
Some of the advantages of reduction of scale
Clapp has brought out, such as the fact that one
could reproduce 10,000 pages for the cost of a single
page when it is in microform; another advantage
is that if one is going to move it in mechanical
motion, an #, y, z, direction—such as in the AVCO
system—the smaller the size of the record the fast-
er the access time; in other wo‘rds, the inertia of
mechanical motion is lower. Thus you can get to
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any one of a million images, within a second or
two, simply by reducing the inertia of the mechan-
ical motion through the smaller size. There are
other advantages not having anything to do with

the user, such as the possible elimination of very

expensive library storage as a trade-off against the
very expensive equipment of bringing back these
small scale images.

Rose: Referring back to Vosper’s comment
about the statement in the report about resistance
on the part of librarians; we meant nothing dep-
recating to librarians. We feel that the librarians
have been resistant for some quite good reasons.
On the point of esthetics, although we agree this
is also a very important consideration, we con-
sidered it was beyond the scope of the paper.

We are dealing with something here in graphic
storage that is in direct contrast to what we were
discussing yesterday in terms of computers, in
that we are dealing with information that is not
quantified. Patrick’s rules were very well stated;
I think possibly the thing he neglected to men-
tion is that there is nothing magic about com-
puters and, by the same token, there is nothing
magic about graphic storage systems. Computers
will deal in a specific way, repetitively and com-
plexly, with data that have been quantified, but
there is nothing magic about the way the com-
puter deals with it. This is the modern day
answer to Babbage’s calculating machine, so to
speak. In the same way, in graphics we are not
doing anything magic, we are only handling in-
formation that is not quantified. ‘This is not to
say it can’t be quantified, but that it is not of its
own nature quantified. And we are only handling
this in a mechanical way. The er¢ is in librarian-
ship; it’s only engineering techniques that we can
offer to you.

We feel that the most important part of the
problem is the systems problem, the intellectual
problem; this is where the trade-offs come; this
is where we have the competing alternatives. The
things that the microform people and the ma-
chine people offer are in a very real way only
pragmatic solutiors. They are only tools. The
real heart then of the paper with respect to the
library is in the third section. The fourth section
on system characteristics is really just an explana-
tion of our definitions for the chart on page 115,
the material in appendix B, and the application
trends that you will find on pages 126 to 127.
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Morzarrry : One of your needed research items
should be to determine the genius of each of these
graphic setups. How should one prepare copy
for these? TIt’s true, if you can copy the past for
us, we'll be grateful; if you can copy it legibly,
we'll be grateful to you! Most of the world’s
knowledge, however, is still to be developed, orga-
nized, and used—the past is over. What we want
and what we should ask for is & way that the
producers of information can prepare this mate-
rial so that it will fit in adequately with this tech-
nology. I know the technology changes every
day, and we must make our adjustments to it.

Parriok: Several years ago I had a very small
file to index and store. It consisted of styling
drawings of automobiles, and we put them in
aperture cards. The whole system broke down
because we were unable to copy the aperture
cards in case we wanted another copy or had other
difficulties. A machine was announced only last
month by TBM which will copy both the aper-
ture—that is the film chips in the aperture—and
add the coding in one magnificent operation.

WarnerT: About 6 years ago the National
Microfilm Association had a convention in Wash-
ington and just a few weeks ago it met in San
Francisco. The contrast was one of the most
surprising things to me; I have never seen such
o change. What has happened, of course, is that
for the first time microform is starting into the
commercial areas. Because of the military aper-
ture-card program there is now a large market
and more people are designing machines, hope-
fully, production machines rather than expensive
hand-built devices.

I once said if the typewriter were to be used
only by librarians it never would have been in-
vented, built, or designed. I think the same thing
is happening here; the library market is small
and the amount spent on research is small in com-
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parison with that spent in the engineering-draw-
ing market. But now it looks as if we will have
a little copying machine and inexpensive readers,
hopefully without hot spots. At least I am an
optimist,

Fussier: I have been making bad and, hope-
fully, relatively good microfilm for roughly 33
years. It seems to me that the issues now and into
the future can be stated relatively simply. First,
there is the relative utility of the microform prod-
uct to the consumer and to the institution that has
to handle it and, secondly, there is the economics of
the process. The economics has to include the
cost to the readers as well as to the institution.
It is idle to assume that we can force readers in
scholarly institutions gladly to accept a product
that has grossly inferior qualities at times in
terms of its utility, or that libraries should accept
a product and a process where the costs to the
institution, in terms of production and storage
and so forth, and the costs to the veader, which
the institution may not be paying directly but
will in the long run pay in one way or another, are
higher.

MinpER: Perhaps if we want to become effec-
tive in getting some good copy and getting some
improvements in the area of microreproduction,
we should do it by way of standardization, Li-
brarians should become important people in the
standardization committees of the National
Bureau of Standards and of the American Stand-
ards Association. Whoever is there to call the
shots is going to set the standards. If we want
high quality, we should be in with the standard-
ization committees when they set the high quality.
If we are not there, business takes over and makes
it an economic matter